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ABSTRACT
Sheath blight caused by fungal pathogen Rhizoctonia solani can cause significant 
yield loss in rice, especially in warm, high rainfall environments. Integrated pest 
management (IPM) is the key to sheath blight control. This system utilizes disease 
resistance, pesticides, cultural practices and biological control to control multiple pests. 
Silicon fertilization is an additional cultural practice that can reduce sheath blight 
severity and increase grain yield. Studies were conducted in the greenhouse and field to 
determine the effect of calcium silicate on sheath blight severity, rice grain yield, and leaf 
silicon concentration. Results in the greenhouse study showed that sheath blight severity 
was significantly reduced in the cultivar Cypress when calcium silicate was applied to a 
Crowley silt loam soil. Disease severity for another cultivar Katy was inconsistent in 
that disease severity was significantly reduced in 1997, but not in 1995. In the same 
experiment but using reclaimed marsh soil, sheath blight on Katy was significantly 
reduced in 1997 but not in 1995. In contrast to Cypress grown in Crowley silt loam 
soil, disease severity was unaffected by the calcium silicate in the reclaimed marsh soil.
In the 1995 field study, silicon fertilization on a Crowley silt loam soil in Vermilion 
Parish, Louisiana, affected yield, y-leaf Si (most recently matured leaf at panicle 
initiation growth stage) and mature straw Si. Rice grain yield increased 13 percent from 
a 3.3 Mg ha'1 application of calcium silicate. A significant reduction in sheath blight 
severity was detected on three different soil types in Louisiana when amended with 
calcium silicate. The sheath blight severity decreased linearly with slag amendment. 
These results show that Si fertilization can reduce fungal disease severity, improve grain 
yield and increase silicon concentration levels in rice tissues. Cultivars differ in their
ix
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response to the slag amendment in different soils. Silicon concentration in plant tissues 
can be used as an indicator of yield potential and disease severity in some rice cultivars.
x
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INTRODUCTION
Rice is the most important food crop in the world, as it feeds two thirds of the 
worlds population and has been feeding man for more than 5,000 years. This unique 
grain is widely adaptable to different geographic locations, soil types and environments, 
and this adaptability makes it the world’s most versatile crop. Rice will continue to play 
a major role in feeding the expanding world population (Ou, 1985).
Rice has been grown in the United States for more than 200 years. Colonists 
from Charleston. South Carolina were the first to cultivate rice in America. In 1718 rice 
was first introduced to Louisiana by French explorers led by Bienville. For the next 150 
years rice was grown on a limited basis in the state. After the Civil War, acreage 
increased rapidly primarily in the southwest part of the state (Linscombe, 1999). Today 
rice continues to be a major commodity in Louisiana and has a tremendous economic 
impact.
Silicon is not recognized as an essential element. In fact, silicon is not 
considered to be an element essential for plant growth and reproduction except for the 
scouring rushes, Equisitaceae Family. An element is considered essential if  it meets the 
following criteria: its absence prevents the plant from completing its life cycle and the 
element is a component of the plant (Epstein. 1994). The rice plant is known as a silicon 
accumulator (Takahashi, 1995). Research reports have determined that silicon can 
benefit rice in a number of ways: a) improve sunlight efficiency; b) improve water use 
efficiency and reduce transpiration; c) improve mechanical strength and reduce lodging; 
d) increase resistance to disease and insects; e) reduce toxic effects o f Mn and other
1
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heavy metals; f) decrease seed shattering; g) enhance tillering; and h) increase shoot 
height and number of spikelets (Snyder et al., 1986). The majority of agricultural soils 
consist of silicate minerals and many of these soils do have an adequate supply of silicon. 
In some regions silicon can be a limiting factor in rice production. Research reports have 
shown that silicon has suppressed fungal diseases such as rice blast, brown spot, leaf 
scald and sheath blight (Savant et al., 1997). Silicon fertilization has been used 
commercially in Florida’s Histosols (Snyder et al., 1986) and has resulted in significant 
reduction in rice diseases. However, the use of silicon in managing disease pest has not 
been investigated in other rice growing states. Louisiana’s climate is favorable for many 
rice diseases that can affect grain yield. In Louisiana, there are some high organic matter 
soils and it is likely that these soils are silicon deficient. Therefore, research studies were 
conducted in the greenhouse and field for evaluating the potential of silicon in managing 
rice diseases.
The major objectives of this research are to: 1) develop protocols to predict soil and rice 
deficiencies in silicon. 2) determine the potential role of silicon in reducing levels of 
sheath blight and blast infection in known susceptible and resistant cultivars. 3) 
determine critical plant silicon concentrations at which rice yields decrease in hydroponic 
solutions. 4) determine potential genetic basis of silicon deficiency symptoms.
2
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CHAPTER 1 
REVIEW OF LITERATURE
Rice is an important commodity in Louisiana, Arkansas, Mississippi, Missouri, 
and Texas. It was first introduced into Louisiana in 1718, however production was 
limited until after the Civil War. The acreage was expanded in 1884 by a visiting Iowa 
farmer who discovered that rice was suitable to the coastal prairies of this area in the 
southwest part of the state. In 1889 Louisiana led the nation in nee production with a 
total of 33,600 hectares (Linscombe, 1995). In 1999 the states acreage was 243,432 
hectares with a farm value of over $297,000,000 (Saichuk, 1999) and ranked second 
among rice growing states.
Louisiana has a sub-tropical climate that is conducive to many rice diseases that 
cause significant reductions in grain yield and seed quality (Groth et al., 1993). It has 
been documented that yield losses due to sheath blight which is caused by Rhizoctonia 
solani Kuhn (anastomosis group AG-1 LA) disease have been as high as 50% in 
susceptible cultivars (Lee and Rush, 1983). Yield losses normally range from 12-15% 
per year due to high disease pressure that cause poor plant stands, lodging, speckled 
kernels, and a reduction in the number of grains per panicle. There are additional losses 
that include purchase and application of fungicides. Certain cultural practices such as 
excessive nitrogen and high seeding rates tend to increase disease severity (Groth, 1996).
In the southern region of the United States the most devastating foliar rice 
disease is sheath blight (Marchetti and Bollich, 1991). Sheath blight was first reported in 
Japan in 1910 and was soon identified in many Asian countries (Lee and Rush, 1983). 
There are economic losses attributed to sheath blight that include: decrease in yield,
3
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reduction in kernel weight, reduced ratoon production, reduction in milling and fungicide 
costs (Groth et al., 1992). Soybeans (Glycine max), common bean (Phaseolus vulgaris), 
potatoes (Solatium tuberosum), crucifers (Brassica oleracea), turf grasses 
(Stenotaphrum secundatum) and many weed species are affected by this pathogen. The 
disease has been reported in tropical and temperate climates. In the rice producing areas 
of the world, the disease can be devastating in a high input production system (Rush and 
Lee, 1992). In recent years sheath blight has become a major disease in Louisiana due to 
the following: a) expansion in acreage of susceptible long grain varieties, b) soybean and 
rice rotations, c) increase in use of high rates of nitrogen fertilizer, and d) expanded use 
of semi-dwarf cultivars (Groth et al., 1993).
1.1 SHEATH BLIGHT PATHOGEN
The sheath blight causal agent has been referred to as Corticium sasakii (Shirai, 
1906) Matsumoto, C. vagum Berk. & Curt., Sclerotium irregulare I. Miyake,
Hypochnus sasakii Shirai, Pellicularia sasakii (Shirai, 1906) S. Ito, and Rhizoctonia 
solani Kuhn. However, the pathogen name is now accepted by researchers as 
Rhizoctonia solani with the perfect stage designated Thanatephorus cucumeris (A.B. 
Frank) Donk.
The pathogen produces three types of specialized mycelia: runner hyphae, lobate 
hyphae, and monilioid cells. The runner hyphae grows rapidly over the sheath and leaf 
surfaces of the plant and consists of thick (8-12 p.m in diameter). The runner hyphae 
have swollen areas at short intervals that are referred to as appressoria or lobate hyhae.
A mass of appressoria which is also known as infection cushion produces an infection 
peg. The short broad cells of the pathogen are the monilioid cells that are produced in
4
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short chains which continue to form sclerotia. Sclerotia are defined as a compact mass 
of hyphae with or without host tissue, usually with a darkened rind, and capable of 
surviving under unfavorable environmental conditions (Agrios, 1988). Sclerotia can be 
described as irregularly hemispherical, flattened on the bottom, white initially, and later 
turn brown or dark brown. Sclerotia are formed on the surfaces of sheaths and leaves. 
Sclerotia initially are dense and sink in water. However, at maturity the outer layers of 
cells become empty of cellular content and are able to float in water (Rush and Lee,
1992).
1.2 SYMPTOMS OF SHEATH BLIGHT
Initial lesions are usually found on sheaths of lower leaves when plants are in the 
early intemode elongation stage of growth. Below the leaf collar the lesions are circular, 
oblong, or ellipsoid, green-gray, water soaked spots approximately 1 cm long. During 
lesion development the center becomes bleached with an irregular purple brown border. 
Infection occurs rapidly under low sunlight, humidity above 95% and high temperature 
(28-32° C). Under these favorable conditions, the runner hyphae move to other plant 
parts and to adjacent plants (Rush and Lee, 1992). Lesions cover the entire leaf sheaths 
and stems on the upper portion of the plant. This causes the plant canopy to open, 
which allows more sunlight penetration and decreased humidity. Under these conditions 
the lesions dry up and become white, tan or gray with brown borders. Sclerotia are 
produced superficially on or near the infected tissue after about six days. At maturity the 
sclerotia are loosely attached and can easily fall from the plant. The early heading and 
grain filling growth stages are periods of rapid disease development. Poorly filled grain is 
the result of plants that are heavily infected during these growth stages. Yield losses are
5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
due to lodging or decreased ratoon production that are the result of culm death (Rush 
and Lee, 1992).
1.3 EPIDEMIOLOGY
The soilbome sclerotia and runner mycelia in plant debris are two mechanisms 
that the pathogen uses to survive between crops, and these are considered to be the 
primary inoculum. Floating sclerotia and plant debris tend to accumulate around the rice 
plant at the water surface. As a result initial infections occur near the waterline (Rush 
and Lee, 1992). Cuticular penetration or stomatal slits are considered to be locations for 
infection to take place (Kozaka, 1961). Occasionally, stomatal invasion occurs on the 
outer surface of the sheath, however, it is more common on the inner surface of the leaf 
sheath (Ou, 1985). Once the primary lesions have developed, the mycelium grows 
quickly on the surface of the plant and within the tissues. In temperate rice growing 
regions, the sclerotia can survive up to two years and can accumulate in the soil.
Infection can be caused by basidiospores of T. cucumeris, however, it is not considered 
to be important in the epidemiology of sheath blight (Rush and Lee, 1992). The key 
events of the rice sheath blight disease cycle is shown in Figure 1.1 (Ou, 1985).
Marshall and Rush (1980a) discovered a high correlation between disease 
severity rating and infection cushion formation and appressorium formation. One 
method of measuring the aggressiveness of the pathogen would be to count the number 
of infection structures on a rice cultivar. This method is not practical for measuring 
aggressiveness of the pathogen because it is time consuming. However, a rating system 
was devised for determining sheath blight severity (Groth et al., 1993). This system rates 
severity levels from 0 to 9. A sheath blight severity rating of zero represents plants that
6
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are considered healthy, in contrast to a rating of 9 which indicates plants have lesions 
reaching the flag leaf and the majority of tillers lodged (Groth et al., 1993).
1.4 EFFECT OF ENVIRONMENTAL CONDITIONS
Many researchers have documented that sheath blight disease is devastating 
during conditions of high humidity and high temperature. Humidity within the plant 
canopy is greatly affected by plant populations and fertilization. High planting rates and 
heavy applications of fertilizers leads to lush growth which increase disease incidence.
In the field the disease usually occurs after the plants have reached maximum tillering 
when the canopy closes and high humidity is maintained (Ou, 1985). Sheath blight 
severity was more severe on semidwarf lines due to a shorter distance between the 
water line and the panicle (Marchetti, 1983). In Japan, Kozaka (1961) identified two 
phases of disease development: 1) upward development- infection of the upper leaf 
sheaths, and 2) horizontal development- infection of adjoining stems. The horizontal 
development under ideal environmental conditions allows the fungus to spread several 
centimeters in a 24 hour period. Yoshimura (1955) determined that lack of sunlight 
promotes sheath blight infection.
Sheath blight severity increases with high nitrogen fertilization (Kozaka, 1961).
In addition, Kozaka discovered that the susceptibility of the leaf sheath is not closely 
related to its content of sugar or starch, however, it is closely related to its nitrogen 
content. There are numerous studies that indicate an increase in disease severity as a 
result of increase in nitrogen fertilizer (Inoue and Uchino, 1963; Kannaiyan and Prasad, 
1979). Additional plant growth caused by higher nitrogen rates results in more dense and 
humid canopies (Savary et al., 1995).
7
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Figure 1.1 Rice sheath blight disease cycle adapted from Ou (1985).
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A rotation of rice and soybeans or continuous rice cultivation increases the 
amount of inoculum in the field soils (Groth, et al., 1993). One measure which reduces 
inoculum in the soil is disking to control grass species on fallow land. A high correlation 
exists between the number of sclerotia in the soil and the intensity of primary infection 
(Ou, 1985). In the U.S., rice plants become more susceptible as they grow older. During 
the later stages of growth development, the environmental conditions play a key role on 
the incidence of disease (Kozaka, 1961).
1.5 MANAGEMENT OF SHEATH BLIGHT
Integrated pest management (IPM) is the key to sheath blight management. This 
system utilizes disease resistance, pesticides, cultural practices, biological control, and 
regulatory procedures to control diseases. The use of partially resistant cultivars, 
fungicides, and cultural practices that reduce disease and lower inoculum levels are vital 
components of disease management practices in rice.
1.5.1 Cultural Practices
Cultural practices which are often used for disease control include adequate plant 
spacing, crop rotation, and nitrogen fertilization (Massaquoi, 1988; IRRI, 1972). In 
Louisiana the recommended plant population is approximately 25 plants per 0.09 square 
meter (Saichuk, 2000). Nitrogen fertilization varies with rice varieties and soil type and 
higher nitrogen rates are generally required on clay soils. Nitrogen fertilization rates 
range from 60-165 pounds per acre depending on the rice variety. Cultural practices may 
not completely control sheath blight; however, their use can decrease disease incidence 
and severity (Groth, 1996).
9
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1.5.2 Host Resistance
Partial resistance to sheath blight is available in some rice cultivars (Rush et. al., 
1993). It has been documented that phenolic compounds and their oxidation products 
are involved in disease resistance. This resistance occurs as a result of reduction in 
fungal growth (Kosuge, 1969). Marshall and Rush (1980b) found that resistant cultivars 
possess a large amount of wax deposits on the outer leaf sheath. The highest level of 
resistance is in the short and medium rice grain types (Rush and Lee, 1992).
1.5.3 Fungicides
The most common means of controlling plant diseases is through the use of 
chemcial compounds such as fungicides that are toxic to pathogens (Agrios, 1988). 
Fungicides inhibit germination, growth and multiplication of the pathogen. There are 
many factors that affect fungicide efficacy including application timing, inoculum levels, 
weather, cultivar resistance, spray volume and application method used (Groth et al.,
1993). When fungicides are applied by air, the majority of the material is deposited on 
the upper one third of the canopy and this localized deposition can limit the 
effectiveness. In addition, drift, volatility and calibration errors reduces the fungicide’s 
effectiveness (Groth et al., 1988). I f  there is rainfall immediately after a fungicide 
application, significant amounts of the fungicide are removed from the foliage and 
treatment w ill not be effective (Groth et al., 1988).
The use of fungicides is an important control method that must be utilized when 
host resistance fails (Groth, 1996). Timing and rate of fungicide applications are critical 
for good sheath blight management. The percentage of tillers infected is determined 
during mid-tillering to heading growth stage. A fungicide application is necessary i f  5 -
10
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10% of the tillers are infected on susceptible cultivars or 10-15% on moderately 
susceptible cultivars (Hollier et al., 1998). Currently there are numerous fungicides that 
are recommended for sheath blight suppression and are listed below with the proper 
growth stage at which a fungicide is to be applied (Hollier et al., 1998).
- Quadris (Azoxystrobin)- applied at a rate of 12.3 -18.5 oz/A at first sign of 
sheath blight which is usually between panicle differentiation (PD) plus 5 days.
- Moncut (Flutolanil)- applied at a rate of 0.7- 1 lb per acre at first intemode 
elongation followed by a second application at the same rate 10 to 14 days 
later.
-Tilt (Propiconazole)- A. applied at a rate of 6 fl. ozs. per acre at first intemode 
elongation (up to 2 inch panicle) and repeat at swollen boot. Make 
the second application 10-14 days after the first application, but before the 
boot splits and the head emerges. B. 10 fl.ozs. per acre intemode elongation 
(up to 2 inch panicle). If sheath blight reappears, apply another recommended 
fungicide for the second application.
- Rovral (Iprodione)- apply at a rate of I lb. per acre of the wettable powder 
formulation or 1 pint of the 4F formulation applied at the boot and heading 
growth stages.
- Benlate (Benomyl)- apply at a rate of 1 lb. per acre at the boot and heading 
stages of growth.
1.5.4 Silicon and Disease Management
The beneficial effects of silicon on rice production have been well documented 
(Elawad and Green, 1979). However, no studies have been conducted in the major rice
11
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growing regions of the southern United States, except Florida, to determine the potential 
benefits of silicon as it relates to disease management. Rice plants grown in silicon- 
amended soil possess varying degrees of resistance or tolerance to biotic stresses such as 
fungal diseases (Savant et al., 1997). Disease reduction in rice as a result of silicon 
fertilization has been shown to be equivalent to a fungicide application (Savant et al., 
1997). Therefore, silicon has the potential to form part of an integrated pest management 
system for rice in Louisiana and other rice growing regions. However, more research in 
this area is needed.
Soils contain numerous minerals that provide the source of chemical elements for 
plants. The second most abundant element in soil is silicon (Epstein, 1994). The soil 
solution contains silicon primarily as silicic acid and concentrations are similar to those of 
potassium, calcium and other major plant nutrients. Silicon concentrations are high in 
terrestrial plants and range from one percent to several percent of dry matter. In 
addition, some plants have concentrations that reach 10% or higher. Despite these levels, 
silicon is not considered an essential nutrient for rice or any terrestrial higher plants 
except for members of the Horserush (Equisitaceae) family. Based on silicon content of 
plant tissues, three groups of crop plants exist which include a) dicotyledons that have 
tissue concentrations of 0.1% on a dry weight basis; b) dryland grasses that have about 
1% in plant tissues; c) wetland grasses, which include rice, that have concentrations of 
5% or higher (Jones and Handreck, 1967). It is well documented that the rice plant is a 
silicon accumulator (Takahashi et al., 1990) and its benefits are numerous (Okuda and 
Takahashi, 1965; Yoshida, 1975; Epstein, 1994). The benefits consist of inducing 
resistance/tolerance of the rice plant to biotic (insect pests and disease) and abiotic
12
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stresses (Al, Fe, and Mn toxicity; salt injury; lodging; Savant et al., 1997). Rice plants 
grown in silicon- amended soil possess varying degrees of resistance or tolerance to 
biotic stresses such as fungal diseases (Savant et al., 1997).
Many soils contain low levels of available silicon, and the silicon content in some 
regions of the world may be limiting rice production. The silicon supply can be depleted 
in traditional rice soils that utilize high yielding cultivars and are under intensive 
management practices (Kawaguchi, 1966; Miyake, 1993). Highly weathered and 
desilicated soils exist in many parts of Africa, Asia and Latin America. Therefore, silicon 
management is important for increasing and sustaining rice productivity in these areas 
(Savant et al, 1997). Once the rice plant adsorbs silicon as monosilicic acid, it remains in 
the plant tissue. The majority of silicon (87-99%) within the plant is slightly soluble and 
is found in the hulls, leaf blades and leaf sheaths. Deposition of silicon is found beneath 
the thin cuticle layer of these tissues. Sheath blight infection takes place through 
cuticular penetration or stomatal slits. Therefore, location of the silicon layer protects 
the rice plant by a placing a physical barrier through which the fungal pathogen must 
penetrate (Ou, 1985). The silicon layer may reduce the number of infection cushions 
produced. In addition, it also minimizes transpiration and maintains erect leaves 
(Yoshida, 1975).
1.6 SILICON NUTRITION IN RICE
Silicon makes up to 28% of the earth’s crust and it odcurs in different mineral 
forms (Savant et al., 1997). Silicon precipitates with oxides of aluminum, iron, 
manganese and crystalline/noncrystalline silicate minerals. The following factors 
influence silicon mineral solubility: high and low temperatures, pH, particle size, and
13
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
chemical composition. The percent of organic matter, water content, redox potential, 
and sesquioxides affect the silicon dissolution kinetics. Many researchers hypothesize 
that sesquioxides act as a soluble silicon source which is pH dependent (Drees et al.,
1989). Silicon in soil solution is absorbed by rice plants in the form of monosilicic acid 
or orthosilicic acid (Yoshida, 1975). Passive absorption can not explain the large 
amounts of silicon that are absorbed by the rice plant. Once the silicon is absorbed by 
the plant, it remains in the plant tissue and the water is lost by transpiration. As silicon 
concentration increases in the plant, the monosilicic acid polymerizes as a double layer 
beneath the cuticle layer. The polymerized silicon has a chemical nature that has been 
documented as a silicon gel in the transpiration stream. This gel is associated with 
polysaccharide fractions of cellulose and hemicellulose and not with the lignin in the 
plant tissue (Liu and Ho, 1960). Of all the silicon in the plant the vast majority (87-99%) 
exists as a slightly soluble form in the hull, leaf blades, and leaf sheaths. Silicon is 
immobile once in the plant tissue (Yoshida, 1975), therefore during all growth stages of 
the rice plant a steady supply of silicon is needed. After the tillering stage (Kato and 
Owa, 1990) or stem elongation (Chen, 1990), active absorption of silicon into the rice 
plants begins. The space beneath the thin cuticle layer is where deposition of silicon takes 
place. It is this silicon double layer beneath the cuticle that aids in maintaining erect 
leaves, reduces transpiration and minimizes damage from insect pests and fungal 
diseases. It has been observed that an accumulation and deposition of silicon around 
plant cells injured by the fungal penetration occurs at the beginning of the infection 
process. This silicon deposition forms a barrier against further fungal infection (Tasugi 
and Yoshida, 1958).
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Silicon is not considered an essential element for plant growth and development 
(Epstein 1994). However, silicon is considered by some researchers to be a beneficial 
element for rice production (Okuda and Takahashi, 1965: Yoshida, 1965). Silicon 
deficiency can be characterized by (Elawad and Green, 1979; Bergmann, 1992): a) older 
leaves become yellow or brown and necrotic, b) tillering is reduced and growth is 
stunted, c) leaf tips wilt and desiccate, and d) panicle size is reduced and sterility is 
increased.
In soils that are highly weathered, desilication occurs in humid and subhumid 
tropical areas of the world (IRRI, 1993). As a result of these conditions, soils are high in 
iron and aluminum oxides and low in silicon (Juo and Sanchez, 1986). Tropical soils that 
have been leached of silicon have a soluble silicon content which is five to ten times less 
than in the majority of temperate soils (Foy, 1992; Juo and Sanchez, 1986). This may 
explain why tropical/subtropical soils exhibit lower rice productivity than temperate soils. 
Rice has a high silicon requirement and it generally responds to silicon applications 
(Savant et al., 1997).
1.7 BENEFITS OF SILICON MANAGEMENT
1.7.1 Improved Plant Growth
Silicon nutrition has numerous beneficial effects on rice growth which are 
primarily due to its unique physiological role (Okuda and Takahashi, 1965; Yoshida, 
1975). However, no studies have been conducted in the major rice growing regions of 
the southern United States, except Florida, to determine the potential benefits of silicon. 
Therefore, more studies are needed to investigate silicon’s potential role in this important 
rice growing region of the world. There is documentation which has shown an adequate
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supply of silicon can be beneficial by increasing leaf erectness, an important factor for the 
rice plant when conditions of high plant population and light intensity is low (Yoshida et 
al, 1969; Kang, 1985). When silicon is applied to rice plants, an increase in water use 
efficiency was noted due to the prevention of excessive transpiration (Agarie et al.,
1992).
Silicon is absorbed from the soil throughout the various growth stages of the rice 
plant. The application of silicon has proven to be beneficial to rice plants at the seedling 
stage and after transplanting (Lee et al.. 1985). Slag is a silicon source that when applied 
to soil increased the amount of rice leaves, dry matter production and quantity of tillers 
and panicles (IRRI, 1965; Kim et al., 1985). The most important effect of silicon supply 
on growth of rice plants occurs during the reproductive growth stage (Ma et al.. 1989). 
The effect of silicon has been positive with regard to increasing the number of spikelets 
on secondary branches of panicles and the ripening of grains. The hulls of poor quality 
grains are generally low in silicon content and their silicon content is proportional to the 
silicon concentration in the straw (Mizuno, 1987).
1.7.2 Yield Increase
Japanese farmers have increased their average rice yields up to six tons per 
hectare since 1955 (IRRI, 1993). This success can be attributed to a balanced nutrient 
management program that includes silicon fertilization. The optimum application rate of 
silicate slag is 1.5-2.0 t/ha which is commonly used in Japan’s fields. When silicon is 
applied, a ten percent yield increase is common and may exceed thirty percent when leaf 
blast is severe (Yoshida, 1981).
16
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Silicon fertilization has increased rice yields in Sri Lanka (Takijima et al., 1970), 
Thailand (Takahashi et al., 1980), Indonesia (Burbey et al., 1988), India (Subramanian 
and Gopalswamy, 1990), China (Liang et al., 1994) and Florida (Datnoffet al., 1991,
1992). In Thailand, it has been reported that rice had a yield response as a result of 
silicon application especially when application rates of fertilizers were high (Takahashi et 
al., 1980). Research in Florida by Snyder et al. (1986) indicated that calcium silicate 
application increased rice yields on Histosol soils primarily as a result of available silicon 
and not due to other nutrients.
1.7.3 Positive Interactions With Applied N, P, and K Fertilizers
In general, rice yields decrease when nitrogen rates are higher than optimum. The 
application of silicon can raise the optimum nitrogen rate which can improve rice 
productivity in lowland fields (Elawad and Green, 1979). A nitrogen application can 
reduce silicon absorption in rice plants and ammonium nitrogen may decrease it more 
than nitrate nitrogen (Kono and Takahashi, 1958). Droopy rice leaves have been 
attributed to nitrogen fertilization, whereas silicon makes them erect. Plant leaves that 
are erect can contribute a 10% increase in the photosynthesis and also an increase in 
yield (Yoshida et al., 1969). Kim (1986) reported that an application of high nitrogen 
fertilization rate influenced silicon absorption by the plants growing under flooded 
conditions. Silica content in the leaves receiving high rates of nitrogen fertilization was 
consistently less when compared to plants receiving a normal rate of nitrogen 
fertilization.
The effects of silicon on phosphorus availability to plants is not fully understood. 
Increased phosphorus content of rice straw and grain can be attributed to improved
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availability of soil phosphorus and enhanced the mobility of the phosphorus from the 
roots to the stems (IRRI, 1965). When silicon was applied along with phosphate 
fertilizers, the phosphorus efficiency improved. The phosphorus absorbed by the rice 
plants increased from 26 to 34% when phosphorus was applied as superphosphate with a 
silicate fertilizer (LARI, 1988). Recent studies conducted by Ma et al. (1989) and 
Takahashi et al. (1990), suggest that silicic acid does not increase phosphorus availability 
in soil. Based on these results, the beneficial effect of silicon may be due to a higher 
phosphorus and manganese ratio in the shoot which was due to the decreased manganese 
and iron uptake.
1.7.4 Induced Resistance To Biotic Stresses
Fungal diseases such as rice blast (Magnaportha grisea), brown spot 
(Chocliobolus miyabeanus). leaf scald (Monographella albescens), and sheath blight 
(Thanatephorus cucumeris) have decreased in severity and incidence as a result of 
silicon application (Savant, et al. 1997). In rice grown on Histosol soils in Florida, 
Datnoff et al. (1991) documented a reduction in blast by 17% to 30% and in brown spot 
from 15% to 32%. Finer grades of calcium silicate slag significantly reduced disease 
severities (Datnoff et al., 1992). These findings were due to the increase in silicon 
absorption in the rice plant which was attributed to smaller particle size and greater 
solubility of slag. Increasing silicon concentration in plant tissues can reduce the severity 
and incidence of diseases (Datnoff et al., 1991, 1992). Enhanced disease resistance can 
be attributed to : 1) silica deposited in the epidermal tissue protecting against hyphae 
invasion; and 2) silica physiologically promoting ammonium assimilation and reducing 
soluble nitrogen compounds which are necessary for hyphal development (Takahashi,
18
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1995). Suppression of diseases by the application of silicon could be as effective as a 
fungicide application (Datnoff et al.. 1992, Datnoff and Snyder, 1994). On highly 
weathered soils (Ultisols) of West Africa, it has been reported that increasing silicon 
uptake by rice plants reduced the severities of husk discoloration, neck blast, sheath 
blight, and leaf scald (Winslow, 1992).
Kim (1986) reported that there were substantial differences in silica content in 
leaf tissues from upland and flooded rice fields. Blast development was negatively 
correlated with silica content in leaf tissues under flooded conditions and high rates of 
nitrogen fertilization for the cultivar M-201. The rate of blast development with the 
Brazos cultivar decreased after flooding the upland rice and during this time there was 
rapid increase in silica content in leaf tissues. In contrast, with M-201 there was 
continued blast development after upland rice were flooded, although silica content in 
the leaf tissues increased 96% (Kim, 1986).
The stem borer (Chilo suppressalis\ Yoshida, 1975), brown pianthopper 
(Nilaparavata lugens; Sujathaet al., 1987), rice green leafhopper (Neophotettix 
bipunciaius cinticeps\ Maxwell et al., 1972) and white backed pianthopper (Sogetella 
furcifera; Salim and Saxena, 1992) are all important insect pests of rice. These pests 
have been suppressed in rice primarily due to high silicon concentrations (Savant et al., 
1997). Soils with low available silicon responded to an application of silicon in reducing 
the stem borer infestation (Nakano et al., 1961). The silicon content of rice plants was 
closely related to the resistance of brown pianthopper (Sujatha et al., 1987). Datnoff 
(1991, 1992) reported that some rice genotypes with increased silicon concentration 
were correlated with disease and insect resistance. Therefore, a logical conclusion
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would be that certain genotypes are more efficient in accumulating silicon and that 
results in increased disease resistance (Deren et al., 1992). However, this is not true of 
all cases since there are genotypes with high silicon content that are susceptible and 
others that are resistant with low silicon levels (Ou, 1985).
Numerous factors are involved in resistance to biotic stresses caused by silicon. 
These factors include physical, physiological, and biochemical factors (Savant et al.. 
1997). The silicated epidermal layer inhibits physical penetration by insects. In addition, 
the plant cells become less likely to be degraded by the enzymes of fungal pathogens 
(Yoshida, 1975; Ou, 1985).
High levels of silicon in plant tissues affect the behavior of various insect pests. 
Brown pianthopper feeding is inhibited by the soluble silicic acid in the sap of the rice 
plant (Yoshihara et al, 1979). It has been reported that once fungal infection takes place 
silicon promotes chitinase production and quickly stimulates peroxidases and 
polyphenoxidases which are used as mechanisms of resistance (Cherif et al., 1994).
1.7.5 Abiotic Stresses
It has been reported that a reduction in transpiration rate of rice plants was 
observed with a silicon application. A high silicon content of rice plants decreased water 
stress and increased the tolerance to salt conditions (Yoshida, 1975).
Silicon fertilization improved resistance of rice plants to lodging. There are 
economic losses caused by lodging that include poor quality of grain and reduction in 
yield (Takahashi et al., 1990). In rice plants, lodging caused by nitrogen applied at a 
rate o f 300 kg ha'1 was reduced with a silicon application (Lee et al., 1990). Mechanical 
strength that enables the plant to resist lodging (Liang et al., 1994) can be attributed to
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thickening of the cell walls of the sclerenchyma tissue in the culm and thickening of 
intemodes or an increase in silicon content of the lower intemodes (Kido and Yanatori, 
1963). Miyake (1993) found that at high nitrogen fertilization rates, a silicon application 
should be considered because it has some potential to reduce lodging.
1.7.6 Improved Productivity of Problem Soils
Soils with high organic matter content (Histosols) are considered problem soils 
due to nutrient deficiency problems (Green, 1957). These organic soils have a low plant 
available silicon content in comparison to most mineral soils (Elawad and Green, 1979; 
Snyder et al., 1986). Histosols can be made productive by correcting silicon deficiency 
with silicate slags. Synder et al. (1986) reported that amending Histosols with silicate 
slag increased rice yields by 56-88%.
In certain acid soils, silicon fertilization may be beneficial in preventing Al, Fe, 
and Mn toxicities (IRRI, 1965). Based on results of Ponnamperuma (1965), adequate 
levels of silicon aids in oxygen transport from the plant tops to the roots by the 
expansion of gas channels. Therefore, as a result of increased oxidation, iron and 
manganese form deposits on the root surface which prevents them from being absorbed. 
Silicon enhances tolerance to Al by decreasing the activity of free Al in soil solution 
(Galvez et al., 1987).
Al and Fe tolerance of certain species of gramineae on acid soils can be attributed 
to silicon because of its effect on cation-anion balance in plants (Wallace, 1993). The 
excess anion uptake is contributed by silicates and roots release equivalent amounts of 
OH*. As a result, soil pH is increased at the root surface which leads to a reduction in 
Al and Fe uptake.
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1.8 CALCIUM SILICATE APPLICATION
Agronomically, silicon management is essential for increasing and sustaining rice 
productivity in tropical and subtropical soils (Savant et al., 1997). The current available 
source of silicon in the U.S. is in the form of calcium silicate slag (90%< 2.36mm particle 
diameter). The price of the slag material based on a quote from Don Beatty of the 
Calcium Silicate Corporation, Columbia, TN., is $48.00 per ton including delivery 
(Beatty, 2001). In 2000, the average price of rice was $6.00/cwt (Saichuk, 2001). For 
example, a Lake Arthur farmer produces 6000 lbs/acre without a silicon application. A 
one ton application of calcium silicate per acre demonstrated a 25% increase in yield that 
translates into 1500 lbs/acre. The net increase in revenue per year amounts to $42/acre.
In a alternate case, a grower produces 5000 lbs/acre without a silicon amendment. A one 
ton application of calcium silicate per acre exhibits a 12% yield increase that translates 
into 600 lbs/acre. In this case a grower would experience a net loss of $ 12/acre. The 
breakeven point would be between 12% and 25% increase in yield. This does not include 
the savings from liming an acid soil. Research data has shown that silicon applications on 
acid soils increases the pH, which reduces or eliminates the need for liming (Alvarez and 
Datnoff, 2001). A silicon application has a residual effect that persist for a few years. 
Therefore, yearly applications may not be necessary (Datnoff et al., 1992). Despite the 
beneficial effects of silicon, the sources are considered expensive. Calcium silicate has a 
similar neutralizing value to calcium carbonate. The neutralizing value is expressed as 
calcium carbonate equivalent (CCE), with CaC03 rated as 100, whereas calcium silicate 
has a value of 86 (Foth and Ellis, 1997). Ground calcium carbonate has to meet the 
following particle size standards: ninety percent shall pass through a ten mesh sieve, fifty
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percent shall pass through a sixty mesh sieve, and twenty-five percent shall pass through 
a one hundred mesh sieve. The ground calcium carbonate will react in the soil quicker 
than the calcium silicate due to the differences in particle size. Currently the price of 
calcium carbonate to the farmer is $22.00 per ton. The price of lime is cheaper than the 
calcium silicate which has a lower CCE value. However, the additional benefits of the 
silicon application should be considered. Alvarez et al. (2001) conducted a study of the 
economic potential of silicon for integrated management and determined the following: a 
30% increase in rice grain yield as a result of 1816 kg ha'1 of calcium silicate would 
provide an extra $52.32 per hectare per year which used $ 0.15 per kg as the price of 
rice.
1.9 SUMMARY
Sheath blight will probably continue to plague the rice industry. Diseases such 
as sheath blight can be controlled through management practices that include resistant 
cultivars and fungicides and cultural practices that reduce disease and lower inoculum 
survival rate. An additional management practice for controlling sheath blight is the 
application of silicon as a soil treatment. The majority of agricultural soils are composed 
of silicate minerals, however, many soils contain an inadequate supply of available 
silicon. The silicon content in some regions of the world may be limiting rice production. 
Silicon is not considered an essential element for plant growth and development. 
However, a deficiency in silicon is associated with the following symptoms in the rice 
plant: a) lower leaves becoming yellow and necrotic, b) poor tillering, c) leaf tips wilt 
and desiccate, and d) reduction in panicle size with increased sterility. The benefits of 
silicon management have been well documented. The benefits include: improved plant
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growth, increased yield, positive interaction with N, P, and K fertilizers, induced 
resistance to biotic stresses and abiotic stresses and improved productivity of problem 
soils.
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CHAPTER 2
THE EFFECT OF SOIL-APPLIED CALCIUM SILICATE ON RICE SHEATH 
BLIGHT SEVERITY AND LEAF SILICON CONTENT
2.1 INTRODUCTION
Although silicon is not considered an essential element for growth of rice 
(Oryza sativa. L.), important benefits from its use in rice production have been well 
documented (Elawad and Green, 1979). These benefits include increased light use 
(Yoshida et al., 1962), mechanical strength of culms (Jones and Handreck, 1967). 
tolerance to Mn and other heavy metals (IRRI. 1965), and resistance to certain insects 
and diseases (Osuna-Canizales et al.. 1991; Sujatha et al., 1987 ; Datnoff et al., 1990). 
With the advent of southern U.S. semi-dwarf cultivars in the 1980's, high nitrogen 
fertilization rates, and soybean and rice rotations, sheath blight caused by 
Thanatephoms cucumeris Kuhn (anastomosis group one, intraspecific group 1- A; 
Rhizoctonia solani) has reduced yields up to 20% (Marchetti and Bollich. 1991). 
Significant losses in grain quality have also been observed with this disease (Groth, et 
al., 1993). The current approach to minimizing grain yield losses due to sheath blight 
includes the use of partially resistant cultivars. fungicide applications, proper 
application of nitrogen fertilizers and the avoidance of high plant densities (Groth et al.,
1993). An additional cultural practice to those listed above is to apply silicon (Datnoff 
etal., 1991; Winslow, 1992). Yamauchi et al. (1987) and Volk et al. (1958) 
determined that diseases such as brown spot caused by Cochliobolus miyabeanus (Ito & 
Kuribayashi) Drechs. ex Dastur and blast caused by Magnaporthe grisea ((Hebert)
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Barr) were markedly reduced with the addition of silicon to soils low in this element 
(Volk et al., 1958; Yamauchi and Winslow, 1987).
Rice disease susceptibility (Groth et al., 1991; Eruotor, 1986; Misra, 1985) and 
silicon concentrations in plant tissue are highly variable among genotypes (Swain and 
Prasad. 1991; Garrity et al., 1984; Majumder et al., 1985). Within genotypes a negative 
correlation for disease severity of blast and brown spot with silicon concentration in 
plant tissue has been observed (Datnoff et al., 1991; Yamauchi and Winslow, 1987). 
Identifying rice genotypes that are more efficient in accumulating available silicon 
may help increase grain yield and disease resistance (Alvarez, 1992). However, other 
researchers have found no correlation between blast and silicon concentration among 
genotypes (Kozaka, 1963). Previous studies have shown that the silicon concentration 
of plants varies by soil type (Datnoff et al., 1991). Highly weathered soils often lack 
sufficient amounts of silicon for high yielding rice cultivars. Silicon concentrations in 
rice grown in organic soils are generally iower than in rice grown in mineral soils 
(Snyder et al., 1986). Rice typically suffers from panicle sterility, lodging, iron 
deficiency and epidemics of blast and brown spot when grown in soils with high 
organic matter (Datnoff et al., 1991). The relationship between plant tissue silicon 
concentration and disease severity has not been thoroughly investigated outside of 
Florida. Therefore, soil applications of silicon may serve as an alternative to reduce 
disease severity of sheath blight and other important rice diseases. The purpose of this 
study was to determine the effect of calcium silicate on leaf silicon content and rice 
sheath blight severity under greenhouse conditions.
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2.2 MATERIALS AND METHODS
2.2.1 Plant Material and Greenhouse Conditions
Two greenhouse experiments were conducted during the following time periods 
- a) December 6, 1995 through April 12, 1996; hereafter the 1995 experiment and b) 
April 25, 1997 through July 31, 1997; hereafter the 1997 experiment. The experiments 
used a three-way factorial arrangement for treatments (cultivar, soil type, silicon rate) 
and six replications arranged in a completely random design. Lighting for the 
experiments was by natural sunlight, supplemented with a 1,000 joules/sec halide lamp 
forl2 hr per day. The temperature was 21°C at night and 27°C during the day. The 
cultivars "Cypress" (Linscombe et al., 1993) and "Katy" (Moldenhauer et al., 1990) 
were used. Cypress is susceptible to R. solani with a sheath blight rating of 7 under 
inoculated field-plot conditions (Groth et al., 1993; rating scale of 0 to 9, where 0=no 
symptoms observed and 9=most severe infection). Katy typically exhibits a 
moderately resistant sheath blight rating of 5 under field conditions (Groth et al.. 1993).
2.2.2 Soil Type, Incorporation of Calcium Silicate Slag, and Inoculation of Rice 
Plants
The Crowley silt loam soil used in this study is a fine, smectitic. hyperthermic 
Typic Albaqualf (Clark et al., 1962) and was taken from 12 randomly selected sites in 
1995 and 1997 at the Rice Research Station in Crowley, Louisiana and mixed in equal 
proportions. The reclaimed marsh soil was classified as a fine, montmorillonitic, 
nonacid, thermic, cracked Typic Fluvaquents. (Murphy and Libersat, 1987) and was 
obtained in 1995 and 1997 from a site in Vermilion Parish, Louisiana. A soil analysis 
was conducted on the two different soil types and the results are listed in table 2.1.
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Organic matter content for the Crowley silt loam and marsh soil was 1.4% and 9.0%, 
respectively. The silicon concentration of the soil was determined by ammonium 
acetate method (Fox et al., 1967), the Crowley silt loam soil had a concentration of 18 
ppm, whereas the reclaimed marsh had 1 ppm. The experiments were conducted with
3.8 L plastic pots. Agricultural grade silicon (90% < 2.36 mm; Calcium Silicate 
Corporation P.O. Box 2058, Columbia, Tennessee 38402-2058) was incorporated into 
the soil just before planting. The calcium silicate was applied to the soils at a rate of
4.4 Mg ha ’. This rate was selected because of the research conducted in Florida 
showed disease reduction in rice using the 4.4 Mg ha1 rate (Datnoff et al., 1991). 
Silicon content of the slag (20.5%) was determined by the blue silicomolybdous acid 
procedure (Hallmark et al., 1982). Inductively coupled plasma atomic emission 
spectroscopy (ICP) was used to determine percentage or concentration of other 
elements in the slag which were: Ca- 26.4%, Mg- 0.23%. S- 0.35%, P- 0.55%, K- 
0.72%, Fe-979 ppm, Mn-601 ppm, Zn- 13 ppm. In each plastic pot, ten rice seeds 
were planted and later thinned to five plants. Soils were fertilized with a 21-0-0 (N-P- 
K) at a rate of 641 Kg ha 1 and 0-20-20 at a rate of 336 Kg ha1 .
Rice plants were inoculated at maximum tillering just before first intemode 
elongation with five to ten ml of the inoculum per plant of the strain LR172 of R. 
solani, which was grown on a moist, autoclaved rice seed graimrice hull mixture 
(2:l,v/v). Inoculum was placed by hand 4 cm above the soil line in a leaf sheath. 
Inoculated plants were maintained in a moist chamber until maturity at approximately 
100% relative humidity. When grains reached the soft dough stage, height of sheath 
blight lesions were measured from the soil line to the upper most lesion within the
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canopy. The entire plant was then harvested ~ 2.5 cm above the soil line. Leaf and 
culm tissues were combined for the analysis of silicon content. Silicon concentrations 
were determined by using the autoclave induced digestion, colorimetric method (Bell 
and Simmons, 1997). Analysis of variance and Duncan’s multiple range test were used 
for interpretation of the data using SAS software (SAS Institute. 1982 ).
Table 2.1. Soil analysis1 of the Crowley silt loam and reclaimed marsh soil in 1995.
Crowley silt loam2 Reclaimed marsh3
pH 7 5.1
Organic matter 1.40% 9.00%
Phosphorus 93 mg kg'1 127 mg kg'1
Potassium 64 mg kg'1 200 mg kg'1
Calcium 1749 mg kg'1 2211 mg kg'1
Magnesium 196 mg kg 1 482 mg kg'1
Sodium 114 mg kg'1 97 mg kg 1
Zinc 4 mg kg'1 18 mg kg'1
Sulphur 12 mg kg'1 35 mg kg'1
Iron 296 mg kg'1 1045 mg kg 1
Silicon 18 mg kg'1 1 mg kg'1
‘Soil analysis performed by the LSU Soil Testing Laboratory.
2Crowley silt loam soil was taken from 12 randomly selected sites in 1995 at the 
Rice Research Station in Crowley, Louisiana and mixed in equal proportions, 
declaimed marsh soil was taken from 12 randomly selected sites in 1995 from a 
site in Vermilion Parish, Louisiana (referred to as Pine Island) and mixed in 
equal proportions.
2.3 RESULTS
The analysis of the results using ANOVA revealed that sheath blight severity was 
significantly reduced (P<0.01) in Cypress during both the 1995 and 1997 experiments 
when calcium silicate was applied to the Crowley silt loam soil (Table 2.2). The results
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are consistent with mean sheath blight severity values which showed significantly 
higher values for Cypress when no calcium silicate was applied (Table 2.3). Results for 
Katy were inconsistent in that significant disease reductions were observed only in 
1997 for the Crowley soil, but not in 1995. These results corresponded to mean sheath 
blight severity values which were not different between the two treatments.
In the reclaimed marsh soil, sheath blight on Katy was significantly reduced as a 
result of the silicate amendment (P< 0.01) in 1997, but not in 1995 (Table 2.2). Again, 
the mean sheath blight values (Table 2.3) corresponded to ANOVA results. In contrast 
to Cypress grown in Crowley silt loam, disease severity was unaffected in both 
experiments by calcium silicate in the reclaimed marsh soil. Again, the mean values for 
severity shown in Table 2.3 were consistent with ANOVA results.
The two soils used in this study displayed different levels of silicon 
concentration. The Crowley silt loam soil had a concentration of 18 ppm whereas the 
marsh soil had I ppm. The Pine Island soil has a high organic matter content (9.0%) 
compared to the Crowley soil (1.4%). This was in agreement with other researchers 
findings (Snyder et al., 1986) which determined that organic soils have lower 
concentration levels of silicon.
Calcium silicate application did have a significant effect (P<0.05) on the 
percent silicon in leaf and culm tissues for both cultivars when grown in Crowley silt 
loam soil during 1997 study, but not in 1995 (Table 2.2). In contrast, in the reclaimed 
marsh soil, both cultivars exhibited a significant increase of silicon in plant tissues 
(P<0.05; Table 2.4) during 1995 and 1997.
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Table 2.2. Analysis of variance of sheath blight severity and silicon concentration in 
rice plant tissues significantly affected by the application of calcium silicate slag in 
two greenhouse studies._______________________________________________
1995 Study Location Variety Response df F
Crowley1 Cypress SB severity'1 I 31.48**
Katy SB severity 1 1.49 NS
Cypress 9c Si3 1 0.04 NS
Katy 9c Si 1 0.01 NS
Pine Island4 Cypress SB severity 1 0.66 NS
Katy SB severity 1 2.79 NS
Cypress 9c Si 1 14.72**
Katy 9c Si I 9.69**
1997 Study Crowley Cypress SB severity 1 11.73**
Katy SB severity 1 6.58*
Cypress 9c Si 1 10.85**
Katy % Si 1 7.06*
Pine Island Cypress SB severity 1 0.01 NS
Katy SB severity 1 21.57**
Cypress 9c Si 1 10.85**
Katy % Si 1 7.06*
** .*  and NS represents statistical significance at P< 0.01. 0.05. and no significance.
'Crowley location has a Crowley silt loam soil where 12 randomly selected sites were 
sampled in 1995 and 1997 at the Rice Research Station in Crowley. Louisiana and 
mixed in equal proportions.
:SB severity based on 0-9 scale where 0 = none (immune) and 9 = maximum (very susceptible). 
3 % Si represents percentage of silicon in the entire rice plant tissues.
4Pine Island location has a soil known as reclaimed marsh soil where samples were taken from 1 
randomly selected sites in 1995 and 1997 from a site in Vermilion Parish. Louisiana and mixed 
in equal proportions.
The sheath blight severity in Katy was reduced 10 percent in 1995 and 18 
percent in 1997, compared to the untreated control, when calcium silicate was applied 
to the Crowley silt loam soil (Table 2.3). Similarly, the silicate amendment reduced 
disease severity significantly (P< 0.01) in Cypress 23 percent in 1995 and 16 percent in 
1997 when grown in the Crowley silt loam soil. In the reclaimed marsh soil with
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calcium silicate applied, Katy displayed a significant 19 percent reduction in severity 
compared to the control during 1997 and only a 12 percent reduction in 1995. In 
contrast. Cypress displayed only a 1 percent reduction in severity in 1997 and 7 percent 
reduction in 1995 neither were significantly different from the untreated control (Table 
2.3).
Temperature and relative humidity in the greenhouse were similar for both 
experiments. However, disease severity was substantially greater in the 1997 study, 
probably due in pan to a thicker plant density which created a favorable microclimate 
for disease development.
Silicon content in plant tissues of rice grown on the amended soil increased 
significantly by 33 percent for Cypress in 1995 and not significantly (3%) in 1997 
(P<0.05; Table 2.4). Silicon in Katy plant tissues increased significantly by 27 percent 
in 1995 and 36 percent in 1997 when calcium silicate was applied to the marsh soil (P< 
0.05). In contrast, silicon content in leaf and culm tissues were reduced significantly by 
12 percent in 1997 and 3 percent in 1995 which was not significant for Cypress when 
grown in the Crowley silt loam soil treated with calcium silicate (P< 0.05). Similarly, 
for Katy the silicon levels in plant tissues were reduced significantly by 8 percent in 
1997 and remained the same in 1995 when the silicon amendment was applied to the 
Crowley silt loam soil (P< 0.05).
2.4 DISCUSSION
The results of this study indicated that silicate slag amendment reduced sheath 
blight in the susceptible and moderately resistant cultivars Cypress and Katy. The 
significant and beneficial effect of the slag treatments was in general agreement with
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the results found on flooded Histosols for blast and brown spot, (Datnoff et al., 1991) 
and from upland rice cultivation for neck blast, sheath blight, leaf scald and husk 
discoloration (Winslow. 1992). Reasons for no significant reduction in severity for the 
Cypress cultivar could be due to high organic matter in the marsh soil which has low 
levels of silicon, especially since other studies (Snyder et al., 1986) have shown that 
high organic soils like the marsh soil used in this study could benefit from the addition 
of calcium silicate slag. High organic soils provide low levels of plant available 
silicon. Increasing plant silicon concentration can increase disease resistance. The soils 
in Snyder et al. (1986) study was classified as a Histosol which is very different from 
the marsh soil. Cypress could possibly be inefficient in absorbing silicon from the soil, 
therefore did not show a response. Cypress may respond to a silicon fertilization at a 
higher rate than was used in the study. Snyder et al. (1986) study used calcium silicate 
at higher rates (2.5* 5.0, 10.0, 20.0 Mg ha 1 )than what was used in this study. Cultivars 
like Cypress may not respond to silicon fertilization when grown in certain soil types 
and may not show beneficial effects of calcium silicate in reducing disease severity on a 
high organic soil. An extensive investigation is needed to evaluate commercial 
cultivars on different soil types.
The percentage of silicon in plant tissues does not show a response to silicon 
fertilization on the Crowley silt loam soil. This can be explained by the higher silicon 
levels of the Crowley soil as compared to the marsh soil. The percent silicon in tissues 
was higher for both cultivars in the Crowley soil when the silicate amendment was not 
applied. The silt loam soil has adequate level of silicon for the rice plant to absorb and 
with the addition of calcium silicate to the soil plants show no response. A correlation
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between the proportion of the plant affected by sheath blight (as a measure of severity) 
and the silicon content in tissues was not significant. These results show that there is 
no relationship between plant silicon concentration and disease severity. This was 
different from what Datnoff et al. (1990) detected which showed disease severity was 
reduced with increasing tissue concentration of silicon. For Katy grown in Crowley silt 
loam soil, an increase in percent silicon in tissues was not concomitant with reduced 
sheath blight severity (Tables 2.3 and 2.4). However, in the reclaimed marsh soil, 
disease severity was reduced with an increase in silicon concentration. These results 
show that for Cypress an increase in tissue silicon had no effect on disease severity 
when grown in the marsh soil nor was it associated with disease severity in the Crowley 
silt loam soil. These findings are in agreement with the results of Kozaka (1963) who 
demonstrated that a genotype with a lower silicon concentration is more more disease 
resistant than a genotype with a higher silicon concentration.
Tissue silicon was lower for both cultivars from the higher organic marsh soil 
treatment than the Crowley silt loam treatment (Table 2.4). This is probably due to the 
low silicon concentration of the marsh soil (1 ppm). Rice is usually not grown on high 
organic soils because of plant nutrition problems (Datnoff et al., 1991). The addition of 
silicon to these soils may improve the overall health for certain cultivars like Katy. 
Presently, there is no widely accepted critical concentration levels of silicon in rice 
tissues. Therefore, determining the silicon fertilization rate on these high organic soils 
would be beneficial. Because of the high cost associated with calcium silicate 
application, future studies are needed to determine the optimum silicon fertilization rate 
which will show an economic return. In addition, determining the critical
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concentration levels of silicon in rice tissues that w ill maximize yield and minimize 
disease severity would also be beneficial. Accurate critical tissue silicon concentration 
may be difficult to determine as this study found no correlation between tissue silicon 
and disease severity. This study corroborates with a previous report (Deren et al.,
1994) which determined that there was a benefit to increasing plant silicon 
concentration because of the increase in disease resistance. Reducing sheath blight 
severity can be important biologically and economically to the Louisiana rice producer. 
A reduction in disease can save a grower from applying costly fungicides and can 
reduce the amount of inoculum in the field. These findings support what has been 
documented that silicon fertilization can improve rice nutrition and reduce disease 
severity.
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Table 2.3. Mean sheath blight severity values over two separate greenhouse experiments 
conducted in 1995 and 1997 for resistant (Katy) and susceptible (Cypress) cultivars 
grown in a Crowley silt loam or reclaimed marsh soil with or without calcium silicate 
treatments.
Treatment Soil Type Cultivar
Sheath Blight Severity* 
1995 1997
Untreated Crowley silt loam Katy 32.3 a 47.5 a
+ Calcium silicate Crowley silt loam Katy 29.0 a 38.8 b
Untreated Crowley silt loam Cypress 34.5 a 46.5 a
+ Calcium silicate Crowley silt loam Cypress 26.5 b 38.8 b
Untreated Reclaimed marsh Katy 30.3 a 46.3 a
+ Calcium silicate Reclaimed marsh Katy 26.7 a 37.3 b
Untreated Reclaimed marsh Cypress 34.7 a 44.8 a
+ Calcium silicate Reclaimed marsh Cypress 32.2 a 44.5 a
♦Sheath blight severity was determined by measurement (cm) from soil line to upper 
most lesion in the canopy. Means within each cultivar followed by same letter do not 
significantly differ (Duncan, P = 0.05).
Table 2.4. Mean % silicon in leaf and culm tissues for Katy and Cypress cultivars grown 
in a silt loam or reclaimed marsh soil with or without calcium silicate treatment in 1995 
and 1997.
Treatment Soil Type Cultivar
% Silicon Concentration* 
1995 1997
Untreated Crowley silt loam Katy 3.8 a 3.9 a
+ Calcium silicate Crowley silt loam Katy 3.8 a 3.6 b
Untreated Crowley silt loam Cypress 3.8 a 4.0 a
+ Calcium silicate Crowley silt loam Cypress 3.7 a 3.5 b
Untreated Reclaimed marsh Katy 2.1 b 2.6 b
+ Calcium silicate Reclaimed marsh Katy 2.9 a 4.1 a
Untreated Reclaimed marsh Cypress 2.2 b 3.0 a
+ Calcium silicate Reclaimed marsh Cypress 3.3 a 3.1 a
*% Silicon concentration of the leaf and culm tissues. Means within each cultivar followed by the 
same letter do not significantly differ (Duncan, P = 0.05).
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CHAPTER 3
EFFECT OF CALCIUM SILICATE ON RICE YIELD AND SHEATH
BLIGHT SEVERITY
3.1 INTRODUCTION
Rice is an important agronomic crop in Louisiana, Arkansas, Mississippi. 
Missouri and Texas. It is well known that interactions between soil type and individual 
crop cultivars play a significant role in production of maximum seed yield (Deren et al., 
1992). For example, rice grain yields increased 30% for certain cultivars with the 
application of calcium silicate in soils low in silicon while other cultivars showed no 
increase (Snyder et al.. 1986). A substantial increase in growth rate and disease 
resistance was observed after an application of sodium metasilicate (Winslow. 1992). A 
58% to 75% reduction in rice blast (Pyricularia grisea, (Cooke) Sacc.l and brown spot 
(Bipolaris oryzae, Breda de Haan) diseases were observed with the addition of silicon to 
a high organic soil (Datnoff et al.. 1991). Rice yields have increased up to six tons per 
hectare in Japan since 1955 as a result of a balanced nutrient management program 
which includes silicon fertilization (IRRI, 1993). Silicon applications were shown to 
increase yields by 10 to 30 percent when disease severity was high (Yoshida, 1981). 
Silicon fertilization can provide improved plant nutrition and significantly reduce fungal 
diseases in rice.
The southern United States possesses a favorable climate for several rice diseases 
which can cause up to 80 percent loss in grain yield (Groth et al., 1993). A primary 
foliar disease of rice in the United States is sheath blight, caused by the fungus 
Rhizoctonia solani Kuhn (anastomosis group AG-1 IA) (Marchetti and Bollich, 1991).
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Incidence of the disease is most severe under high humidity, high temperature and high 
plant density. Sheath blight has become a major disease in the United States as a result of 
increasing acreage of susceptible long grain cultivars, soybean and rice rotation, use of 
semi-dwarf cultivars and high rates of nitrogen fertilizer (Groth et al., 1993). Most semi­
dwarf cultivars have high tillering capabilities which promote a favorable microclimate 
for sheath blight development (Marchetti, 1983).
Integrated pest management is considered a key component to successful sheath 
blight management. This system utilizes disease resistance, pesticides, cultural practices 
and biological control to reduce disease (Massaquoi, 1988, IRRI, 1972). Managing rice 
diseases with the use of fungicides is a potential environmental concern (Datnoff et al., 
1991). Based on previous research by Correa-Victoria et al. (1994), the addition of 
silicon reduced neck blast incidence by 26% and leaf scald severity by 53%. The amount 
of disease reduction by silicon treatment was shown to be equivalent to a single fungicide 
application (Savant et al., 1997). Silicon applied to soils could therefore serve as a useful 
management tool for rice diseases.
Silicon is considered to be a beneficial plant nutrient in the United States and 
other rice growing regions of the world (Elawad and Green, 1979). In Japan, silicon is 
considered an agronomically essential element for rice production (Takahashi et al.,
1990). The rice plant is known to be a silicon accumulator (Takahashi et al., 1990), and 
there are many benefits of silicon in rice production which have been documented 
(Elawad and Green, 1979). These include increased sunlight use efficiency, improved 
mechanical strength of culms, tolerance to Mn and other heavy metals, and resistance to 
certain insects and diseases (Synder et al., 1986). In temperate, tropical and subtropical
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climates, silicon management can play an important role in increasing and maintaining 
rice production levels. Fungal diseases such as rice blast, brown spot, leaf scald and 
sheath blight have been shown to be suppressed as a result of a silicon application 
(Savant et al., 1997). In the subtropical climate of Florida, rice blast disease was 
reduced 17% to 30% and brown spot disease was reduced by 15 to 32% with an 
application of calcium silicate (Datnoff et al., 1991). In Africa, sheath blight disease 
severity was reduced with an application of silicon (Winslow, 1992), and an increase in 
plant silicon concentration in some rice genotypes has been correlated with increased 
disease resistance (Datnoff et al., 1991). Genotypes vary in rates of accumulating silicon 
which could result in differences in disease resistance (Winslow, 1992).
Many agricultural soils have insufficient levels of available silicon (Savant et al., 
1997). Silicon content of soil in some areas of the world may be a limiting factor in rice 
production. Organic soils have inherent low silicon concentration levels compared to 
mineral soils (Datnoff et al., 1991). Silica in the plant is found in the epidermal tissues 
including the leaf blade, leaf sheath, stem and chaff (Yoshida et al., 1962). Silica is 
found between the cell wall and cuticular layer in the leaf blade. In the epidermal tissue 
of the leaf blade more than 90 percent of silica exists in the form of silica gel. The 
remaining silica exists as silicates (Takahashi, 1995). In the rice plant, silica moves 
through the transpiration stream. The silicated epidermal layer is believed to form a 
physical barrier which makes plant cells less susceptible to enzymatic degradation by 
fungal pathogens (Ou, 1985). The beneficial effects of silicon on rice production have 
been well documented (Elawad and Green, 1979), but no studies have been conducted 
in the major rice growing regions of the southern United States, except Florida, to
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determine potential benefits of silicon as a soil amendment. Therefore, the objective of 
this study was to determine the effects of silicon on rice yield and sheath blight severity.
3.2 MATERIALS AND METHODS
In 1995 an experiment using the cultivar “ Bengal”  (Linscombe et al.. 1993) was 
conducted at six locations in Louisiana using a randomized complete block design with a 
factorial arrangement of soil, silica rate and four replications per treatment. The six 
locations have different soil type and soil classification and are listed in table 3.1.
A soil analysis was conducted on the six soil types by the LSU soil testing laboratory and 
the results are listed in Table 3.2. In 1996-97, a soil analysis was conducted at the three 
Louisiana locations and the results are in Table 3.3. The calcium silicate slag (Calcium 
Silicate Corporation P.O. Box 2058, Columbia, TN 38402-2058) applied to all soil types 
was a by-product of elemental P production (Snyder et al.. 1986) with an average 
particle size of 2.36 mm. Silicon content of the slag (20.5%) was determined by the blue 
silicomolybdousacid procedure (Hallmark et al. 1982). The chemical composition of 
the slag, determined by inductively coupled plasma atomic emission spectroscopy (ICP), 
was: Ca- 26.4%, Mg-0.23%, S-O.35%, P- 0.55%, K- 0.72%, Fe- 978 ppm, Mn- 601 
ppm, Zn- 13 ppm. Broadcast rates of calcium silicate slag were 0, 1.1, 2.2, 3.3,4.4,5.5 
Mg h a \ The slag was applied to the soil surface prior to seeding individual plots which 
measured 2.1m x 7.6 m. The silicon concentration of the soil (1995) was determined by 
ammonium acetate method (Fox et al., 1967), the Crowley silt loam soil had a silicon 
concentration of 18 ppm, the Lake Arthur soil had 19 ppm and the Pine Island soil had 1 
ppm.
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Standard agronomic practices were utilized to manage the experimental plots. 
Rice was drilled seeded for three locations on the following dates: Crowley- April 17, 
1995, East Carroll- May 11, 1995 and Rapides- May 26, 1995, whereas, rice was water 
seeded for three locations on the following dates: Lake Arthur- March 26, 1995, 
Morehouse- May 18, 1995 and Pine Island- March 30, 1995. Before the rice was drill 
seeded, the seedbed was well prepared because it facilitates a uniform seeding depth.
The field was flushed within four days after seeding to assure uniform emergence. Before 
the rice was water seeded, seedbed preparation was left in rougher condition than for dry 
seeded. The seedbed consist of large clods (approximately baseball size) and fields were 
flooded within a few days. The rough seedbeds minimize seed drift, facilitates seedling 
anchorage and rapid seedling development. Seeding rate for the drilled seeded rice was 
113 Kg ha'1 and 170 Kg ha'1 for the water seeded. The experimental plots were fertilized 
with 51 Kg ha'1 each of P20 5 and K;0  prior to planting. Nitrogen fertilizer was applied 
at a rate of 136 Kg ha1 before permanent flood at the Crowley, East Carroll, Rapides, 
and Morehouse location, whereas, nitrogen was applied in a pinpoint flood at a rate of 
136 Kg ha'1 at the Lake Arthur site and 68 Kg ha'1 was applied before permanent flood 
at the Pine Island location. The following herbicides were used in the experimental plots 
at the different locations: Crowley -Arrosolo (6.8 Kg ha1) and Londax (66.5 ml ha1); 
East Carroll -Stam (4.5 Kg ha1) + Facet (0.42 Kg ha1) + Londax (66.5 ml ha1); Lake 
Arthur -Londax (66.5 ml ha1, Grandstand (0.43 Kg ha1); Rapides- Arrosolo (6.8 Kg 
ha1) + Bolero (2.8 Kg ha1), Londax (66.5 ml ha1); Morehouse - Stam (4.5 Kg ha'1 + 
Facet (0.42 Kg ha1) + 1 liter crop oil, Ordram (3.4 Kg ha'1), Londax (66.5 ml ha'1);
Pine Island - Arrosolo (6.8 Kg ha'1). Furadan insecticide was used at a rate of 0.56 Kg
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ha'1 to control the rice water weevil at all six locations. Bengal typically displays 
moderate susceptible sheath blight rating (Groth et al., 1993; rating scale of 0 to 9, 
where 0= no symptoms observed and 9= most severe infection) of 5 under inoculated 
field plot conditions. At the late tillering stage, plants were inoculated with isolate 
LR172 of R. solani which was grown on a moist, autoclaved rice grain:hull (2:1, v/v) 
medium applied by hand. Inoculum was applied at the rate of 1 to 2 ml of inoculum per 
0.09 square meter of plot (Groth et al., 1993). The 0-9 sheath blight ratings were 
obtained within two weeks of harvest. In addition, 25 tillers were randomly selected per 
plot at each location two weeks prior to harvest and the number of diseased tillers was 
recorded as the sheath blight infestation level.
Three field experiments were conducted in 1996 and 1997 using a randomized 
complete block design with a factorial arrangement of soil, cultivar and silica application 
rate with four replications per treatment. Rice cultivars for these experiments included 
“ Bengal” and “Cypress” (Linscombe et al., 1993) which is rated as susceptible sheath 
blight (Groth et al., 1993). Experiments in 1996 and 1997 were conducted on a)
Crowley silt loam soil located at the Rice Research Station in Crowley, LA., b) 
reclaimed marsh soil located in Vermilion Parish, LA., c) Crowley silt loam soil located 
in Lake Arthur, LA. Seedbed preparation was the same as in 1995 field study for drilled 
and water seeded system. Rice was drill seeded for two of the locations on the following 
dates: Crowley - March 28, 1996 and April 10,1997; Pine Island - April 21, 1996 and 
April 20,1997. Rice was water seeded at Lake Arthur on April 3, 1996 and April 20, 
1997. Seeding rate for the drilled seeded rice was 113 Kg ha1 and 170 Kg ha1 for the 
water seeded. The experimental plots were fertilized with 51 Kg ha'1 each of P;0 5 and
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K:0  prior to planting. Nitrogen fertilizer was applied at a rate o f 136 Kg ha1 prior to 
permanent flood at the Crowley location, 68 Kg ha'1 was applied before permanent flood 
at the Pine Island location and 136 Kg ha'1 was applied preplant incorporated at the Lake 
Arthur site. The following herbicides were used in the experimental plots at the different 
locations: Crowley - Stam (4.5 Kg ha'1) + Basagran (1.1 Kg ha'1), Ordram (3.4 Kg ha'1)
+ Londax (66.5 ml ha'1); Lake Arthur - Stam (4.5 Kg ha'1) + Basagran (1.1 Kg ha'1), 
Londax (66.5 ml ha'1) + Hi-Dep (0.85 Kg ha'1); Pine Island - Arrosolo (6.8 Kg ha'1) + 
Basagran (0.85 Kg ha'1). Furadan insecticide was applied at a rate of 0.56 Kg ha'1 to 
control the rice water weevil. Standard agronomic practices were utilized to manage the 
experimental plots. At the late-tillering stage, plants were inoculated with R. solani and 
ratings and percent infection were determined as previously described. Brown spot 
severity was determined two weeks prior to harvest using a standardized 0 to 9 rating 
scale, where 0 represents no disease and 9 is 76% or more of the leaf area affected 
(Groth et al., 1993). When disease severity was detected at very low levels no ratings 
were taken.
The Y-leaf is defined as the most recent fully mature leaf (Snyder et al., 1986).
At panicle initiation, 50 Y-leaves were sampled from each plot. Five randomly-selected 
rice plants were harvested 2.5 cm above the soil line at panicle initiation in four different 
areas of each plot for elemental analysis. Leaf and culm tissues were combined for the 
analysis of silicon content. Rice straw samples were taken from each experimental plot 
after harvesting the rice crop. The mature straw was approximately 0.3 meter in length. 
Straw samples from the field were placed in a dryer for 72 hours at 60°C. Silicon 
concentrations were determined by using the autoclave-induced digestion, colorimetric
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method (Bell and Simmons, 1997). Grain weight and moisture were determined for each 
experimental plot, and rough rice grain yields were adjusted to 12% moisture for each 
treatment.
3.3 STATISTICAL ANALYSES
Analysis of Variance was performed for interpretation of the data using the SAS 
software (SAS Institute Inc., 1985). The minimum model used for all analyses of 
variance was comprised of silicon rate treatment and replications, with the silicon rate x 
replication interaction used as the error term. Replications and the silicon rate x 
replication interaction were considered random effects. Polynomial contrasts from the 
Analysis of Variance were used to analyze the relationship between response variables 
and quantitative levels of the silicon rate treatments.
3.4 RESULTS AND DISCUSSION 
3.4.1 1995 Field Experiments
For the 1995 study, silicon fertilization at the Lake Arthur site showed a 
significant effect on three of the response variables analyzed; yield, silicon concentration 
in y-leaf and mature straw (Table 3.4). Yields in experimental plots receiving slag were 
consistently higher than those in the unamended controls. This was the first reported 
yield response to calcium silicate slag in Louisiana. A significant linear (P< 0.01) 
relationship was determined at this location between yield and silicon rate (Figure 3.1). 
Using a linear response model, rice yields were related to calcium silicate application 
rates (X) by the following equation. Grain yield = 6787 + 140(X). The model’s r  =
0.69. Yield is expressed as kg ha'1 and slag rates as Mg ha'1. Rice grain yield increased
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10 to 13 percent (7297 to 7517 kg ha'1) compared to the control when applying calcium 
silicate at a rate of 2.2 Mg ha'1 or higher (Table 3.6). The highest yield was reported at 
the 3.3 Mg ha'1 rate. Yield means for the 2.2 Mg ha'1 and higher rates were significantly 
different from the control. The 3.3 Mg ha'1 and higher yield means were similar. For 
each rate increase in calcium silicate there was a yield response except for the highest 
rate. These results indicate that an application of slag amendment can improve yield on 
certain soil types. Information on yield response to slag on a particular soil type could 
be of great value to growers in making management decisions.
Table 3.1. Soil type and classification of six Louisiana locations.











Hebert silty clay 
Crowley silt loam
Fine, smectitic, hyperthermic, typic albaqualfs 
Fine, montomorillonitic, nonacid, thermic, cracked 
typic fluvaquent
Fine, mixed, thermic, vertic hapiudolls
Very fine, montomorillonitic, nonacid, thermic, vertic
haplaquepts
Fine-silty, mixed, thermic aerie ochraqualfs 
Fine, montmorillonitice, thermic, typic albaqualfs
In the analysis of variance, a significant (P < 0.05) effect on the silicon 
concentration of the y-leaf tissues was attributed to calcium silicate treatment for the 
Lake Arthur and Morehouse locations (Table 3.4). A linear trend describes the 
relationship between silicon in y-leaf tissues and slag application rate (P< 0.01) which 
means that the silicon concentration increases as the slag rate increases. When rice is 
grown on these two soil types, it responded favorably to the soil amendment which could 
lead to improved plant nutrition and yield. However, only the rice grown at Lake Arthur 
site showed a yield response. The mean y-leaf silicon concentration for the Lake Arthur
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site ranged from 1.6- 2.3% (Table 3.6) which was low compared to the other locations- 
Crowley site ranged from 3.2- 3.4%, East Carroll ranged from 3.0- 3.1%, Rapides 
ranged from 1.8- 2.1%, Morehouse ranged from 2.0- 2.7%, and Pine Island ranged from 
2.6- 2.9%. The silicon concentration of the y-leaf means were significantly different at 
the 1.1 Mg ha'1 and higher rate compared to the control. The y-leaf means for the 2.2 
Mg ha'1 was significantly different from the 4.4 Mg ha'1 rate. For the Morehouse site, y- 
leaf means for the control was significantly different from the 1.1 Mg ha1 rate and 
higher. These findings indicate that there are variations in plant concentration levels 
depending on soil silica content and soil type. Silicon content in rice tissues increased 
relative to the control by 31%, 43%, 37% for the 3.3,4.4 and 5.5 Mg ha1 rates, 
respectively, at the Lake Arthur site. For the Morehouse location, silicon content in 
tissues increased from 30- 35% when compared to the control at these same rates (Table 
3.8). These findings suggest that an increase in silicon of the y-leaf is not always 
associated with a yield increase when grown in certain soil types.
For the Lake Arthur and Pine Island location, the amendment of soil with calcium 
silicate resulted in highly significant (P < 0.01) increases in mature straw silicon levels 
(Table 3.4). Rice plants grown on these two soil types responded favorably to silicon 
fertilization. However, only the rice grown in the Crowley silt loam soil at Lake Arthur 
site showed a yield response. Silicon is known to benefit rice production when grown on 
certain soil types. There are no critical concentration levels established for silicon in 
mature straw for Louisiana growers. The relationship between percentage silicon in 
mature straw and calcium silicate application rate was best described with a linear trend
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Figure 3.1. Relationship of rice yield and % silicon in mature rice straw to rates of 
calcium silicate slag at the Lake Arthur location in 1995.
(P < 0.01; Table 3.4). Plant concentration levels increased in a linear fashion with 
additional amounts of slag. The percentage of silicon in mature straw means was 
significantly different from the control at the 3.3 and 5.5 Mg ha'1 rate for the Lake Arthur 
site. Mature straw means for the 1.1 Mg ha'1 rate was different from the 3.3 rate. The 
highest percentage of silicon in the mature straw was detected at the 3.3 Mg ha'1 rate. 
Silicon content in mature straw increased relative to the control by 12-20% for the 3.3 
Mg ha'1 or higher rate at the Lake Arthur site (Table 3.6). For the Pine Island location, 
silicon concentration increased 21-25% for the same rates (Table 3.8). Silicon
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concentration in mature straw means were significantly different from the control at 3.3 
Mg ha'1 rate and higher. The mature straw means were similar for the control, 1.1 and
2.2 Mg ha'1 rate. Rice grown at the Crowley site exhibited the highest mean silicon 
concentration levels in mature straw which ranged from 6.5- 7.0% (Table 3.5). In 
contrast, the Pine Island soil had the lowest mean concentration levels that ranged from 
2.8- 3.4%. This can be attributed to the fact that the Crowley soil has a higher level of 
native soil silicon, 18 ppm, compared to the marsh soil which has 1 ppm. These findings 
suggest that silicon fertilization when applied to certain soil types can improve plant










Soil Crowley Sharkey Hebert Reclaimed Crowley Moreland
Type silt loam clay silt clay marsh silt loam clay
PH 1/ 6.7 6.1 5.1 5.4 6.4
O.M. (%) 1.3 3.2 2.5 9 1.4 3.1
P (mg k g 1) 93 263 179 127 77 208
K (mg kg' ) 64 459 292 200 110 413
Na (mg kg'1 ) 114 62 147 97 37 38
Ca (mg kg'1 ) 1749 6617 3121 2211 1119 4337
Mg (mg kg'1) 196 1356 872 482 163 1364
Zn (mg kg'1 ) 4 9 13 18 3 13
S (mg kg'1) 12 8 15 35 17 12
Fe (mg kg'1) 296 353 535 104 132 324
Si (mg kg'1) 18 - - 1 19 -
'Soil analysis was determined by the LSU Soil Testing Laboratory.
2Soil from 12 randomly selected sites at each location was taken in 1995 and 
mixed in equal proportions.
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nutrition and yield. The higher silicon concentration levels in the y-leaf and straw were 
associated with the higher yields at the Lake Arthur location (Table 3.6). A positive 
correlation existed between the silicon concentration in mature straw and yield (r=.60,
P< 0.05). For the Pine Island site, the higher levels of silicon concentration in mature 
straw were also associated with the highest yields (Table 3.8). A positive correlation 
was detected between silicon concentration in mature straw and yield (r = .61, P < 0.05) 
at this location. These findings are in general agreement with other investigators (Snyder 
et al., 1986; Datnoff et al., 1991) who reported that slag significantly affected the plant 
concentration of silicon. Snyder et al. (1986) determined that silicon in straw was 
significantly related to slag application on a Terra Ceia muck soil in Florida using 
calcium silicate slag rates of 0, 2.5, 5,10 and 20 Mg ha'1. In addition, a positive linear 
relationship was detected between straw silicon and rice grain yield. Datnoff et al. (1991)
Table 3.3. Soil analysis1 for three Louisiana locations in 1996 and 1997.
Location2 Crowley Lake Arthur Pine Island
Year 1996 1997 1996 1997 1996 1997
PH 6.8 6.5 4.7 5.4 4.8 5.2
Organic matter (%) 0.93 0.98 1.0 0.76 5.3 3.2
P (mg kg 1) 36 65 72 91 64 51
K (mg kg'1) 58 40 94 73 220 171
Na (mg kg'1) 77 116 22 30 109 119
Ca (mg kg'1) 1262 1165 569 942 1788 1545
Mg (mg kg'1) 196 192 102 131 512 491
S (mg kg'1) 7.3 9.6 20 9.8 32 19
Fe (mg kg'1) 119 149 200 121 519 305
Si (mg kg ' ) - 24 - 13 - 3
Zn (mg kg'1) 17 4.8 5.6 2.3 29 15
'Soil analysis was determined by the LSU Soil Testing Laboratory.
2Soil from 12 randomly selected sites at each location was taken in 1996 and 1997 
and mixed in equal proportions.
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detected a highly positive correlation between silicon and yield in Florida’s Histosols 
which was classified as a Terra Ciea muck soil. In addition, the Datnoff study used 
calcium silicate rates of 0, 5, 10 and 15 Mg ha'1, respectively. The rate of calcium silicate 
slag did not significantly affect (P<0.05) the following variables: sheath blight severity, 
sheath blight infection, 50% heading and plant height. However, biologically the sheath
Table 3.4. Analysis of variance F ratios for rice grain yield, silicon concentration in plant 
tissues and sheath blight severity at six locations under six levels of silicon fertilization in 
1995.
Location Source df Yield S il1 Si3: SB3 I4
Crowley Silicon Rate 5 0.99 0.77 2.11 0.65 0.54
Linear 1 0.17 0.41 2.69 0.75 1.01
Quadratic 1 0.74 0.06 2.91 0.09 1.59
E. Carroll Silicon Rate 5 0.71 0.18 0.36 - -
Linear 1 0.05 0.02 0.27 - -
Quadratic 1 1.43 0.01 0.04 - -
L. Arthur Silicon Rate 5 4.36** 5.16** 2.87* 0.57 0.69
Linear 1 15.15** 18.97** 9.61** 1.46 3.24
Quadratic I 5.66 1.64 2.09 0.67 0.07
Rapides Silicon Rate 5 0.45 0.49 1.2 - -
Linear 1 0.18 0.86 2.71 . - -
Quadratic 1 1.65 0.94 0.02 - -
Morehouse Silicon Rate 5 0.55 9.42* 0.49 - -
Linear 1 0.15 44.05** 1.05 - -
Quadratic 1 0.07 1.79 0.53 - -
Pine Island Silicon Rate 5 1.13 0.77 3.77** - -
Linear 1 4.31 0.1 13.21** - -
Quadratic 1 0.22 2.69 0.16 - -
**,*  represents statistical significance at P< 0.01 and 0.05 levels, respectively.
lSi 1 represents silicon concentration of y-leaf collected at panicle initiation growth stage.
2Si3 represents silicon concentration of mature straw.
3SB represents sheath blight severity rating based on 0-9 scale where 0 = none (immune) 
and 9 = maximum (very susceptible).
4I represents sheath blight infection based on % tiller infection.
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blight ratings for Lake Arthur (Table 3.6) site were reduced with the higher rates of 
calcium silicate (4.4 Mg ha*1) which would not require a fungicide application. In 
contrast, the sheath blight rating of 7 for the control would require a fungicide 
application. These results were different from what Datnoff et al. (1991) who reported 
that blast and brown spot were significantly reduced by 73-83% with the addition of 
silicon. In contrast, Winslow in 1992 using African cultivars that were susceptible did 
not reduce sheath blight severity with a silicon application. Calcium silicate increased 
plant height in a study conducted by Snyder et al. (1986) which was in contrast to what 
was found in this study.
Table 3.5. Mean yield of rice, sheath blight severity and silicon concentration in plant 












(Mg ha*1 ) (kg ha*1) (%) (%) (%)
0 8207a 3.3a 6.5b 6.5a 66a
1.1 8410a 3.2a 6.8ab 7.0a 72a
2.2 8336a 3.3a 7.0a 6.5a 70a
3.3 8050a 3.4a 6.9a 6.8a 71a
4.4 8090a 3.2a 6.7ab 6.8a 66a
5.5 8115a 3.3a 7.0a 7.0a 54a
LSD (0.05) ns ns ns ns ns
'Leaf sample collected at panicle initiation.
:Mature straw = straw at harvest maturity.
3SB represents sheath blight rating based on 0-9 scale where 0 = none (immune) 
and 9 = maximum (very susceptible).
4Sheath blight infection based on % tiller infection.
Means followed by same letter do not significantly differ (P = 0.05, LSD).
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Table 3.6. Mean yield of rice, sheath blight severity and silicon concentration in plant












(Mg h a ') (kg ha ') (%) (%) (%)
0 6618c 1.6c 3.4c 7.0a 55a
1.1 6878bc 2.lab 3.6bc 6.2a 51a
2.2 7297ab 2.0b 3.7abc 6.5a 44a
3.3 7517a 2.lab 4.1a 6.0a 38a
4.4 7374a 2.3a 3.8abc 5.8a 39a
5.5 7358ab 2.2ab 3.9ab 6.3a 34a
LSD (0.05) 502 0.3 0.4 ns ns
'Leaf sample collected at panicle initiation.
2Mature straw = straw at harvest maturity.
3SB represents sheath blight rating based on 0-9 scale where 0 = none (immune) 
and 9 = maximum (very susceptible).
4Sheath blight infection based on % tiller infection.
Means followed by same letter do not significantly differ (P = 0.05. LSD).
Table 3.7. Mean yield of rice and silicon concentration in plant tissues at six different 
levels of Si fertilization at East Carroll, LA in 1995.
Grain Y-Leaf Si' Mature straw2
Rate Yield content Si content
(Mg h a ') (kg ha ‘ ) (%) (%)
0 9039a 3.0a 5.8a
1.1 9167a 3.1a 5.6a
2.2 8947a 3.0a 5.5a
3.3 8810a 3.0a 6.0a
4.4 8949a 3.0a 6.0a
5.5 9135a 3.0a 5.8a
LSD (0.05) ns ns ns
'Leaf sample collected at panicle initiation.
2Mature straw = straw at harvest maturity.
Means followed by same letter do not significantly differ (P = 0.05, LSD).
3.4.2 Results of 1996 and 1997 Field Study
A significant (P = 0.0001) year x location interaction was detected, so the results 
are presented for each individual year. In 1996 study, silicon fertilization did have a 
significant effect on rice grain yield (P< 0.01) at Lake Arthur (L.A.) and Pine isianu
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(P.I.; Table 3.9). However, in 1997 there was no yield response to the silicate 
amendment (P> 0.05). These results were not expected because a yield response from 
slag was found in the two previous years when rice was grown on certain soil types. 
There were significant differences (P< 0.05) in yield of the two varieties at all three 
Louisiana locations in 1996 and 1997. The amendment of soil with calcium silicate 
resulted in a highly significant increase (P <0.01) in rice grain yield for the Bengal 
variety but not the Cypress variety in the marsh soil for the 1996 study. These findings 
are consistent with previous research in India (Datta et al., 1962), Sri Lanka (Takijima et 
al., 1970), China (Ho et al., 1980), Thailand (Takahashi et al., 1980) and Indonesia 
(Burbey et al., 1988) that found increased yields with silicon applications. Takahashi et 
al. (1980) in Thailand, reported a rice yield response to silicon fertilization when the 
application rates of other conventional fertilizers were high. Ho et al. (1980) study 
suggested that there was a synergistic effect of added nitrogen and silicon fertilizer in 
field trials conducted on rice soils. Silicon fertilization can improve the uptake of 
essential elements in the rice plant. In the 1996 study, a linear trend was detected 
between yield and calcium silicate rate (P < 0.01; Table 3.9) for the Lake Arthur (Figure 
3.2) and Pine Island soil. These findings suggest that certain soil types like the Crowley 
silt loam at the Lake Arthur site can enhance yield with slag fertilization. This soil type 
showed a yield response for two consecutive years. The grain yield increased ranged 
from 5-9% over the control for the Lake Arthur soil in 1996 when calcium silicate rates 
were 3.3 Mg ha'1 and higher (Table 3.10). Yield means were significantly different from 
the control at the 3.3 and 5.5 Mg ha'1 rate. The yield means for the control, 1.1 and 2.2 
Mg ha'1 were all similar. Using a linear response model, rice yields were related to
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Table 3.8. Mean yield of rice and silicon concentration in plant tissues at six different









(Mg/ha) (kg/ha) (%) (%)
0 3488a 1.8a 3.6ab
1.1 3524a 2.0a 3.4b
2.2 3900a 2.0a 3.5ab
3.3 3687a 2.1a 3.7ab
4.4 3614a 2.0a 3.9a
5.5 3246a 2.0a 3.7ab
LSD (0.05) ns ns ns
Location- Morehouse, LA.
Grain Y-Leaf Si Mature straw
Rate Yield content Si content
(Mg/ha) (kg/ha) (%) (%)
0 8833a 2.0d 4.6a
1.1 8976a 2.3c 4.6a
2.2 8991a 2.4bc 4.6a
3.3 8928a 2.6abc 4.7a
4.4 8821a 2.6ab 4.5a
5.5 9009a 2.7a 4.9a
LSD (0.05) ns 0.2 ns








(Mg/ha) (kg/ha) (%) (%)
0 5397a 2.6a 2.8cd
1.1 5572a 2.9a 2.6d
2.2 5486a 2.8a 2.9bcd
3.3 5728a 2.9a 3.5a
4.4 6684a 2.7a 3.4ab
5.5 6473a 2.7a 3.4ab
LSD (0.05) ns ns 0.5
'Leaf sample collected at panicle initiation.
2Mature straw = straw at harvest maturity.
Means followed by same letter do not significantly differ (P -  0.05, LSD).
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Figure 3.2. Relationship of rice yield and % silicon in mature rice straw to rates 
of calcium silicate slag at the Lake Arthur location in 1996.
calcium silicate application rates (X) by the following equation. For the Lake Arthur 
soil, Grain yield = 8493 + 127(X); The model’s r=  0.72 (Figure 3.2). For the reclaimed 
marsh soil, Grain yield = 6575 + 101(X). The model’s r=  0.79. Yield is expressed as 
kg ha1 and slag rates as Mg ha1. For the Pine Island site in 1996, the grain yield 
increase was 8-9% higher than the control at the 3.3 Mg ha'1 and higher rates (Table 
3.10). Grain yield means were significantly different from the control at the 2.2 Mg ha1 
rate and higher. The control yield means was similar to 1.1 Mg ha'1 rate. These findings
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concur with Deren et al. (1994) that showed a yield response to silicon fertilization when 
grown on a high organic soil. In addition, the yield increase was attributed to a greater 
number of grains per panicle. The Pine Island marsh soil displayed a high organic matter 
content of 5.3% compared with Lake Arthur at 1.0%.
3.4.3 Disease Severity
The analysis of variance results show a significant effect (P< 0.01) on sheath 
blight severity which was associated with a calcium silicate treatment (Table 3.9) at only 
the Lake Arthur location in 1996 study. In 1997, all three Louisiana sites showed a 
significant sheath blight reduction. There were significant differences in sheath blight 
rating for the two varieties at each location, and their differences can be explained by the 
differences in disease rating and possibly by improved plant protection as a result of 
silicon (Table 3.11). These results agree with previous work (Kozaka, 1965; Elawad 
and Green, 1979; Yamauchi and Winslow, 1987 ) which showed that silicon suppressed 
fungal diseases such as blast, brown spot, leaf scald, sheath blight, and grain 
discoloration. The sheath blight rating-slag rate relationship was described as a linear 
trend (P < 0.01). These results imply that calcium silicate can reduce fungal disease in 
rice. In 1996, sheath blight rating decreased 6-8% tor the 3.3 Mg ha'1 rate and higher 
when compared to the control for the Lake Arthur site (Table 3.10). Sheath blight rating 
means were significantly different from the control at 3.3 Mg ha*1 rate and higher for the 
Lake Arthur site in 1996. The sheath blight rating means for l . l  and 2.2 Mg ha'1 rates 
were different from the 5.5 Mg ha*1 rate. In addition, the means were similar for the 
following rates -1.1,2.2,3.3 and 4.4 Mg ha*1. Sheath blight rating decreased relative to 
the control by 9-13% for the 3.3 Mg ha*1 or higher rate at the Crowley site in 1997.
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Table 3.9. Analysis of variance F ratios for rice grain yield, silicon concentration in plant 
tissues and sheath blight severity at three locations in 1996 and 1997 under six levels of 
silicon fertilization.
1996 Study 
Location Source df Yield Si 11 Si2: Si33 SB4 I3
Crowley Variety 1 35.86** 18.05** 1.84 3.78* 54.65** 1.65
Rate 5 1.01 0.91 0.49 0.04 0.11 1.72
Linear 1 1.66 0.89 0.02 0.34 6.13 4.75
Quadratic 1 0.06 0.51 0.56 0.52 0.19 0.61
VarXRate 5 1.25 0.47 1.27 1.0 0.3 0.67
L. Arthur Variety 1 122.8** 51.1** 2.71 19.9** 157.8** 32.1**
Rate 5 3.49** 5.32** 3.36* 3.8** 4.33** 1.3
Linear 1 12.66** 25.1** 11.2** 12.7** 20.6** 1.02
Quadratic 1 0.44 0.25 5.25* 2.66 0.29 1.16
VarXRate 5 0.75 3.40* 0.58 0.17 2.17 0.72
Pine Island Variety 1 61.37** 7.25** 1.62 1.14 152.6** 66.41**
Rate 5 3.63** 10.5** 10.16** 1.57 1.93 0.77
Linear 1 14.36** 42.1** 43.95** 5.93 8.47 1.42
Quadratic 1 3.47 6.72** 3.91 0.01 0.47 1.33
1997 Study
VarXRate 5 0.74 0.61 0.34 0.88 0.99 0.3
Crowley Variety 1 39.3** 6.70* 0.98 10.2** 30.2** 0.21
Rate 5 0.38 0.43 0.95 0.44 8.74** 0.97
Linear 1 1.14 0.74 0.1 0.43 39.9** 0.41
Quadratic 1 0.22 0.2 0.19 0.23 1.14 0.54
VarXRate 5 0.85 1.02 2.34 0.98 0.86 0.53
L. Arthur Variety 1 11.55** 33.7** 2.06 5.15* 29.5** 57.4**
Rate 5 0.47 1.59 2.48 0.91 7.35** 1.8
Linear 1 0.15 5.75 9.63 3.63 28.7** 4.32
Quadratic 1 0.72 0.78 0.89 0.04 0.07 0.09
VarXRate 5 0.55 1.54 0.51 2.04 1.09 1.21
Pine Island Variety 1 6.46* 4.20* 0.3 6.12* 17.24** 2.16
Rate 5 0.47 3.64** 2.46* 2.03 5.3** 2.9*
Linear 1 0.02 8.65** 10.2** 7.5 22.4** 8.42**
Quadratic I 0.02 0.77 0.81 0.06 0.07 0.85
VarXRate 5 0.25 0.9 0.48 0.46 1.53 0.74
**,* represents statistical significance at P < 0.01 and 0.0S.
'Si [represents silicon concentration of y-leaf collected at panicle initiation growth stage.
2Si2 represents silicon concentration of the total above ground plant tissue at panicle initiation. 
3Si3 represents silicon concentration of mature straw.
4SB represents sheath blight severity rating based on 0-9 scale where 0 = none (immune) and 9 
= maximum (very susceptible).
3I represents sheath blight infection based on percent infection of S randomly selected tillers.
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For Lake Arthur site, the disease rating decreased relative to the control by 11% for 
the previously mentioned rates in 1997. The reclaimed marsh soil showed the highest 
level of sheath blight rating reduction which was 13-20% compared to the unamended 
soil for the higher slag rates (3.3 Mg ha'1 and higher). For the 1997 growing season, 
sheath blight rating means for the control was significantly different from the 3.3 Mg 
ha'1 rate and higher at the Lake Arthur site (Table 3.11). The sheath blight rating 
means for the control was similar to the 1.1 and 2.2 Mg ha'1. For the Crowley site, the 
sheath blight rating means for the control was significantly different from 2.2 Mg ha'1 
rate and higher. At the Pine Island location, sheath blight rating means for the control 
was significantly different from the 3.3 Mg ha'1 and higher rate. The mean for the 
control was similar to the 1.1 and 2.2 Mg ha'1 rate .
The amendment of soil with slag had a significant (P < 0.05) influence on the 
percent of rice plants infected with sheath blight (P< 0.05) at the Pine Island site only 
in 1997. The rice plants in the reclaimed soil responded to silicon fertilization due to 
improved plant nutrition. The silicon concentration of the reclaimed marsh soil was 3 
ppm which is lower than the Lake Arthur soil (13 ppm) and the Crowley soil (24 ppm) 
The relationship between the percentage of rice tillers infected and slag rate was best 
described as a linear trend (P <0.01; Table 3.9). Disease infection was reduced with 
increasing rates of the slag. The disease infection mean for the control was 
significantly different from 3.3 Mg ha'1 rate and greater. The means for the control 
were similar at the 1.1 and 2.2 Mg ha'1 rate. In addition, the means for the following 
rates were similar - 2.2,3.3,4.4 and 5.5 Mg ha'1. Sheath blight infection decreased by
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11%, 9%. 9% compared to the unamended soil for the 3.3,4.4 and 5.5 Mg ha'1 rates, 
respectively (Table 3.11).
Brown spot severity ratings were taken only for the reclaimed marsh soil in 
1996 and 1997, because of low levels at the other locations. The relationship between 
brown spot and slag rate was best described as a linear trend (P < 0.01). This trend 
was similar to what Datnoff et al. (1991) found in Florida’s Histosols. The amendment 
of soil with calcium silicate resulted in highly significant reduction of brown spot 
severity (P <0.01). The brown spot means for the control in 1996 was significantly 
different from the 3.3 Mg ha'1 rate and higher (Table 3.10). The means for the control 
was similar to the 1.1 and 2.2 Mg ha1 rate. In 1997 growing season, brown spot 
severity decreased as compared to the control by 39-55% for the 3.3 Mg ha1 rate and 
higher (Table 3.11). The means for brown spot severity were significantly different 
from the control at 2.2 Mg ha'1 rate and higher. The brown spot means for the control 
and 1.1 Mg ha'1 were similar. The higher calcium silicate application rates including all 
rates above 2.2 Mg ha'1 caused a significant reduction in brown spot severity and this 
reduction corresponds to higher silicon concentration in the y-leaf and whole plant 
tissues. There was no correlation detected between brown spot severity and silicon 
concentration in the y-leaf and the whole plant tissues. Presently there are no critical 
silicon concentration levels established for rice. It is known that silicon fertilization is 
beneficial to rice on certain soil types. Brown spot is sometimes associated with 
nutritional problems (Ou, 1985) and an application of silicon has been reported to 
improve the rice plant nutrition (Snyder et al., 1986). Based on these observations a 
silicon application can improve fungal disease resistance.
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3.4.4 Silicon Concentration In Rice Tissues
In 1996 study, a soil application of calcium silicate significantly increased 
silicon concentration in the y-leaf and the total above ground plant tissues (P< 0.05; 
Table 3.9) for the Lake Arthur and reclaimed marsh soil treatments. However, in 
1997, there was a significant increase in silicon concentration in the y-leaf for the Pine 
Island site only. The silicon concentration for the entire rice plant tissues was 
significantly increased with calcium silicate fertilization at the Pine Island location only 
in 1997. Silicon concentration in plant tissues varied between locations, reflecting the 
soil test silicon values (Table 3.3). The Pine Island marsh soil had a lower silicon level 
than the silt loam soil located at Lake Arthur. In addition, there was a significant 
difference (P< 0.05) in y-leaf silicon concentration among the two varieties at all three 
locations. This study demonstrates that silicon fertilization can increase plant silicon 
concentration on certain soil types. These results agree with a study conducted in the 
Florida Everglades (Dercn et al., 1994) which showed that slag applications increased 
silicon plant concentrations. This researcher applied calcium silicate at a rate of 2 Mg 
ha'1 to a low plant available silicon soil and increased plant silicon concentration and 
reduced brown spot severity. The relationship between the percentage of silicon in 
whole plant tissues and slag application rate can be described as a linear trend (P < 
0.01) for Pine Island in both years. Plant silicon concentration increased up to a 
certain level at the 2.2 Mg ha'1 rate and higher. This suggest that rice plants absorb 
silicon from the soil until it reaches a certain level which is influenced by soil type. 
Despite the higher levels of silicon in the Lake Arthur soil compared to the marsh soil, 
a response was detected with slag at the maximum rate of 5.5 Mg ha'1 in 1996. A
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Table 3.10. Mean grain yield of Bengal and Cypress, sheath blight and brown spot 
severity and silicon concentration in plant tissues grown at six different levels of Si 
fertilization at three Louisiana sites-Pine Island, Lake Arthur and Crowley in 1996.
















(Mg/ha) (kg/ha) (9c) (9c) ( * ) i9c)
0 6388c l.Od 1.7b 3.2ab 7.9a 85a 5.1a
1.1 6589bc 1.3c 1.8b 3.0b 7.7ab 84a 4.7a
2.2 6857ab 1.4bc 2.3a 3.5ab 7.5b 80a 4.2ab
3.3 6905ab 1.8a 2.5a 3.4ab 7.5b 82a 3.9b
4.4 6978a 1.6ab 2.6a 3.7a 7.4b 82a 3.9b
5.5 691 Sab 1.7a 2.6a 3.7a 7.3b 82a 3.9b
LSD (0.05) 341 0.2 0.3 ns ns ns 0.9














(Mg/ha) (kg/ha) {9c) (9c) ( * ) (9c)
0 8497c 2.1c 2.4c 3.5c 8.0a 82ab
1.1 8782bc 2.2bc 2.6bc 3.9bc 7.8ab 79ab
2.2 8529c 2.4ab 2.9ab 4.6ab 7.7ab 83a
3.3 9042ab 2.4ab 3.0a 4.6ab 7.5bc 82ab
4.4 8908abc 2.5a 3.0a 4.3ab 7.5bc 8 lab
5.5 9300a 2.5a 2.9ab 4.7a 7.3c 79b















(Mg/ha) (kg/ha) (9c) (9c) (9c) (9c)
0 9365a 2.6ab 2.9a 5.5a 7.7a 80a
1.1 9679a 2.6ab 2.8a 5.0a 7.7a 77ab
2.2 9205a 2.7a 2.9a 5.2a 7.6a 81a
3.3 9439a 2.6ab 3.0a 5.2a 7.6a 77ab
4.4 9112a 2.4b 2.9a 5.6a 7.6a 77ab
5.5 9219a 2.5ab 2.8a 5.4a 7.0b 74b
LSD (0.05) ns ns ns ns ns ns
‘Y-leaf =most recently matured leaf at panicle initiation.
2Whole plant = total above ground plant tissues at panicle initiation.
3Mature straw = straw at harvest maturity.
4SB = sheath blight rating, which is based on a 0-9 scale where 0 = none (immune) and 9 = maximum (very susceptible).
sSB = sheath blight infection which is based on 9c tiller infection.
6Brownspqt rating based on a 0-9 scale where 0 = none (immune) and 9 = maximum (verv susceptible). c
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quadratic trend (P < O.OS) best describes the relationship between percentage of silicon 
in the total plant tissues and calcium silicate rate at the Lake Arthur site in 1996.
These findings imply that plant concentration levels peaks at certain slag rates and 
additional amounts show no response. This trend was similar to the findings of Snyder 
et al. (1986) between calcium silicate slag and plant silicon content. This researcher 
determined that silicon in mature straw was significantly related to slag application. In 
addition, he detected a positive linear relationship between straw silicon and grain 
yield. For Lake Arthur in 1996, the silicon concentration in the whole plant means 
were significantly different for the control and 2.2 Mg ha'1 rate and higher. The silicon 
concentration means for the control and 1.1 Mg ha'1 rate were similar. In 1996 for 
Pine Island, the whole plant silicon concentration mean for the control was significantly 
different from the 2.2 Mg ha'1 rate and higher. In 1997, the mean for the control was 
similar to the 1.1 Mg ha'1 rate but significantly different from the 5.5 Mg ha1 rate. For 
the Lake Arthur soil, the silicon concentration in the total plant tissues increased over 
the untreated by 25%, 25%, 21% for 3.3,4.4 and 5.5 Mg ha'1 in 1996 (Table 3.10).
The Pine Island soil exhibited similar results, silicon concentration of plant tissues 
increased over the control by 47- 53% for the 3.3 Mg ha1 and higher rates in 1996 and 
4-23% in 1997 for the same rates. The highest levels of silicon concentration in y-leaf 
and whole plant tissues were associated with the highest yield at the Lake Arthur site 
for both years which was similar to the results observed in Pine Island in 1996. 
However, for the Pine Island location in 1997, the higher silicon concentration was 
found in the lowest grain yield. There was no correlation between yield and silicon 
concentration of y-ieaf/whole plant tissues at any of the locations for both years.
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Table 3.11. Mean grain yield of Bengal and Cypress, sheath blight and brown spot 
severity, silicon concentration in plant tissues grown at six different levels of Si 















(Mg/ha) (kg/ha) m m (9c) (9c)
0 8552a 3.3a 3.1a 5.0a 7.4a 84a
1.1 8588a 3.6a 3.1a 4.9a 7.3a 83a
2.2 8375a 3.2a 3.0a S.4a 6.8b OO
3.3 8375a 3.5a 3.1a 5.1a 6.7b 86a
4.4 8398a 3.1a 3.2a 5.1a 6.6b 84a
5.5 8382a 3.1a 2.9a 5.2a 6.4b 82a
LSD(0.05) ns ns ns ns 0.3 ns
Location - Lake Arthur
Grain Y-LeafSt Whole Pit Mature straw SB SB
Rate Yield content Si content Si content Rating Infection
(Mg/ha) (kg/ha) (9c) ( * ) (9c) (9c)
0 6861a 1.8b 1.9b 3.6a 7.2a 80ab
1.1 7180a 2. lab 2.1b 3.9a 7.2a 80ab
2.2 7020a 2.0ab 2.3ab 3.9a 7.2a 83a
3.3 7238a 2.2a 2.7a 3.8a 6.4b 75b
4.4 6979a 2.2a 2.5ab 4.0a 6.4b 76b
5.5 7066a 2.2a 2.7a 4.2a 6.4b 76b
LSD (0.05) ns ns ns ns 0.4 ns
Location - Pine Island
Grain Y-Leaf Si Whole Pit Mature straw SB4 SB5 Brown
Rate Yield content1 Si content2 Si content3 Rating Infection Spot6
(Mg/ha) (kg/ha) (9c) (9c) (9c) (9c)
0 4505a 1.9a 2.6a 2.6a 7.4a 84a 3.8a
1.1 3396a 2.0a 2.5a 3.0ab 7.3a 86a 3.3a
2.2 3736a 2.4b 2.8ab 2.9ab 6.9ab 79ab 2.4b
3.3 4206a 2.3b 2.7a 2.9ab 6.4b 73b 2.3b
4.4 3262a 2.2ab 2.9ab 3.2b 6.4b 76b 1.7b
5.5 3306a 2.6b 3.2b 3.3b 5.9b 76b 1.8b
LSD (0.05) ns 0.3 0.3 ns 0.4 5 0.8
'Y-leaf =most recently matured leaf at panicle initiation.
2Who!e plant = total above ground plant tissues at panicle initiation.
^Mature straw = straw at harvest maturity.
4SB = sheath blight rating, which is based on a 0-9 scale where 0 = none (immune) and 9 = maximum (very susceptible).
5SB = sheath blight infection which is based on % tiller infection.
suscepftEfef rat'n£ basedon a 0*9 scale where 0 = none (immune) and 9 = maximum (very
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For the 1996 growing season, the relationship between percentage silicon in the 
y-leaf and slag rate was best described as linear for the Lake Arthur site and quadratic 
for Pine Island site. However in 1997, this relationship was linear (P < 0.01) at the 
Pine Island location. These findings indicate that rice plants respond to silicon 
fertilization when grown in certain soil types like the Crowley silt loam soil at Lake 
Arthur and the reclaimed marsh soil. The rice plants when grown in the silt loam soil 
at Crowley did not respond to the silicate amendment possibly due to chemical 
properties of the soil. The y-leaf concentration means were significantly different from 
the control at the 2.2 Mg ha'1 rate and higher for the Lake Arthur site in 1996. The y- 
leaf concentration means for 1.1 Mg ha'1 rate is significantly different from the 4.4 and
5.5 Mg ha'1 rate. The silicon concentration in y-leaf increased compared to the control 
by 14%-19% for the 3.3 Mg ha'1 rates and greater for the 1996 growing season at the 
Lake Arthur site (Table 3.10) and at the Pine Island location the concentration 
increased by 60-80%, for the same rates. The y-leaf silicon concentration means for 
the control was significantly different from all other rates for the Pine Island site in 
1996. The means for the 1.1 Mg ha'1 rate was different from the 3.3 Mg ha 1 and 
higher rate. The means for the silicon concentration in the y-leaf for Pine Island in 
1997 was similar for the control and 1.1 Mg ha'1 rate, however, it was significantly 
different from the 2.2 Mg ha'1 rate and higher. For 1997, the y-leaf silicon 
concentration increased relative to the control for Pine Island location by 21%, 16%, 
37% for 3.3,4.4 and 5.5 Mg ha'1 rates, respectively (Table 3.11). Significant increases 
in silicon concentration were detected in plant tissues due to the low silicon levels in 
the reclaimed marsh soil. At the Lake Arthur site there was an interaction between
64
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
variety and rate in 1996 for percentage silicon in y-leaf which indicated that cultivars 
differ in tissue silicon concentration.
In the analysis of variance, a significant effect on the silicon concentration of 
mature straw was attributed to calcium silicate treatment (P < 0.01; Table 3.9) for the 
Lake Arthur site in the 1996 growing season. In addition, this relationship can be 
described as linear trend (P < 0.01). Varieties in the study did exhibit significant 
differences in silicon concentration in mature straw at each of the three locations 
except for the marsh soil in 1996. The highest plant silicon concentrations were 
detected at the Crowley location (5.0- 5.6%) and the lowest was found in the 
reclaimed marsh soil (3.0- 3.7%) which has a lower silicon soil level (Table 3.10). For 
the Lake Arthur in 1996, the silicon concentration of the mature straw means for the 
control was significantly different from 2.2 Mg ha'1 and higher rates. The straw means 
for 1.1 Mg ha'1 rate was different from the 5.5 Mg ha'1 rate. The silicon concentration 
in mature straw increased compared to the control by 23- 34% for the 3.3 Mg ha1 and 
higher rates. The higher levels of silicon concentration in mature straw were 
associated with highest yields; however, there was no correlation between the two 
variables. In the Bengal variety, the rate of slag did not effect the percentage of silicon 
in the mature straw (P >0.05). However, for the Cypress variety, the rate of slag 
application did have an effect on percentage of silicon in the straw (P < 0.01). These 
findings are in agreement with that of Deren et at. (1994) who showed that rice 
genotypes differ in silicon concentrations. The present results indicate that cultivars 
differ in the amount of silicon absorbed from soil. Based on a large number of trials, 
the critical percentage of silicon in straw for a positive yield response was 6.1% in
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Japan and Korea and 5.1% in Taiwan (Savant et al., 1997). Snyder et al. (1986) 
suggested that silicon in straw should be more than 3% for good yields of rice. The 
present study concurs with Synder’s findings. The figure 3.3 shows four quadrants 
corresponding to incorrect and correct diagnoses of deficient or adequate levels of 
straw silicon. The vertical line corresponding to the critical value was selected to 
minimize misdiagnoses. Misdiagnoses are those in the bottom right and upper left 
quadrants. The vertical line was moved arbitrarily until misdiagnoses were minimized. 
The minimum number of misdiagnoses corresponded to a straw silicon value of 3.5%. 
There were 53 correct diagnoses and 12 incorrect diagnoses for the critical straw 
silicon value of 3.5%. Of the incorrect diagnoses, four were due to high straw silicon 
(3.5% or greater) that was nonetheless low yielding (less than 90% of maximum yield), 
and eight were from low straw silicon that yielded 90% or greater. Silicon 
concentration of rice straw varies with soil type and soil silicon content as illustrated by 
the figure 3.3. The present findings corroborate the fact that silicon concentration 
levels in straw do provide a useful indicator of potential yield (Savant et al., 1997). 
There was no correlation detected between percentage silicon in y-leaf/total plant 
tissues/straw and sheath blight severity in 1996 or 1997 at any of the three locations. 
The figure 3.4 shows that mature rice straw silicon concentration has a minimum of 
3.5% to minimize misdiagnoses of adequate straw silicon. There were 34 correct 
diagnoses and 10 incorrect diagnoses for the critical straw silicon value of 3.5%. Of 
the incorrect diagnoses, five were due to high straw silicon (3.5% or greater) that had 
low relative percent sheath blight rating (less than 90%), and five were from low straw 
silicon that had 90% or greater relative sheath blight rating. The 34 correct diagnoses
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Figure 3.3. Relationship of relative yield to percent silicon in mature rice straw for 
six Louisiana locations in 1995 and three locations in 1996 and 1997. 
Relative percent yield was determined by using the highest yield mean at 
each location which represented 100% and calculated each yield mean as 
a percentage of the 100%.
were all from the high straw silicon and high relative sheath blight rating group. In
1995, sheath blight levels were very low for the following locations: Rapides,
Morehouse, Pine Island and East Carroll. Therefore, sheath blight ratings were not
determined for these locations. The mature straw silicon levels at these sites were
different: Rapides-3.4- 3.9%, Morehouse- 4.5- 4.9%, Pine Island- 2.6- 3.5% and East
Carroll- 5.5- 6.0%. Therefore, the 3.5% critical value that I suggest must have failed
at Pine Island in 1995 because no sheath blight occurred despite the low straw silicon.
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Figure 3.4. Relationship of relative percent sheath blight rating to percent silicon in 
mature rice straw for two Louisiana locations in 199S and three locations 
in 1996 and 1997. Relative percent sheath blight rating was determined by 
using the lowest sheath blight rating mean at each location which 
represented 100% and calculated each sheath blight rating mean as a 
percentage of the 100%.
This is only one of the sites that had this failure. Generally, the present findings 
suggest that silicon concentration mature straw provides a useful indicator of potential 
disease severity. There was no correlation detected between percentage silicon in 
mature straw and sheath blight rating in 1995,1996 and 1997. This lack of 
relationship may be due to the large number of high straw silicon and generally healthy
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rice in this study. If there had been more sheath blight affected rice the relationship 
between straw silicon and sheath blight rating may have been clear.
3.4.5 Maturity and Plant Height
The amendment of soil with calcium silicate did not have an effect on maturity 
(50% heading of the rice) or plant height (P>0.05). However, varietal differences were 
detected for these two agronomic characteristics. These results differ from those of 
Snyder et al. (1986) in Florida, which showed an increase in plant height with the 
application of calcium silicate. This difference in results, could be explained by the fact 
that the study in Florida was done on Histosols which are known for low levels of 
silicon. The present study was done on three different soil types in Louisiana that are 
not considered Histosols. In addition, Snyder et al. (1986) demonstrated that calcium 
silicate did have an effect on rice maturity, slag treated plots matured 4 to 7 days later 
than the check plots. The results of this study imply that rice maturity is not affected 
by the application silicon in Louisiana on the soils treated. Silicon management can 
play a major role in improving rice grain yield and reduce diseases in rice.
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CHAPTER 4 
SUMMARY
Two greenhouse studies were conducted at the Rice Research Station in 
Crowley, Louisiana to determine the effect of calcium silicate on leaf silicon content 
and rice sheath blight severity. Two rice cultivars were used in the studies- "Cypress’* 
(Linscombe et al., 1993) and "Katy” (Moldenhauer et al., 1990). Cypress is 
susceptible to R. solani with a sheath blight rating of 7 under inoculated field plot 
conditions (Groth et al., 1993). Katy exhibits a moderately resistant sheath blight 
rating of 5 under field conditions (Groth et al., 1993). A Crowley silt loam soil and a 
reclaimed marsh was used in the experiments. Cypress exhibited a significant 
reduction in sheath blight severity when calcium silicate was applied to the Crowley silt 
loam soil for both the 1995 and 1997 experiments. Disease severity for Katy was 
inconsistent in that significant reductions were detected in the 1997 experiment but not 
in 1995. These findings indicate that Katy may not show a consistent disease response 
at this silicon fertilization level, therefore, possibly higher levels could be beneficial. 
The results of the study imply that reductions in sheath blight can occur for both 
susceptible and moderate resistant cultivars like Cypress and Katy in a silt loam soil 
when calcium silicate is applied. In the reclaimed marsh soil, sheath blight on Katy was 
significantly reduced in 1997, but not in 1995. The marsh soil has an inherent low Si 
level and Katy could respond to higher slag rates. Disease severity for Cypress was 
unaffected in both experiments by calcium silicate in the marsh soil. Cultivars like 
Cypress may not respond to silicon fertilization when grown in certain soil types. This
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cultivar may not show beneficial effects of calcium silicate in reducing disease severity 
on a high organic soil. Certain cultivars like Cypress could be inefficient in absorbing 
silicon from a high organic soil and require higher rates of silicon.
The percent of silicon in leaf and culm tissues was significantly affected by the 
calcium silicate amendment for both cultivars when grown in Crowley silt loam soil 
during 1997 study, but not in 1995. The silicon content of plant tissues were reduced 
significantly by 12 percent in 1997 and 3 percent in 1995 which was not significant for 
Cypress when grown in the Crowley silt loam soil treated with calcium silicate. Katy 
reacted in a similar manner, the silicon levels in plant tissues were reduced significantly 
by 8 percent in 1997 and remained the same in 1995 when the calcium silicate 
amendment was applied to the Crowley soil. The percentage of silicon in plant tissues 
does not show a response to calcium silicate fertilization on the Crowley silt loam soil 
due to higher levels of silicon in this soil when compared to the marsh soil. In the 
reclaimed marsh soil, both cultivars exhibited a significant increase of silicon in plant 
tissues during both years. Silicon content in leaf and culm tissues increased 
significantly by 33 percent for Cypress in 1995 and only 3 percent in 1997 which was 
not significant when calcium silicate was applied to the marsh soil. Katy plant tissues 
increased significantly by 27 percent in 1995 and 36 percent in 1997 when the silicon 
amendment was applied to the marsh soil. For Katy grown in Crowley silt loam soil, 
an increase in percent silicon in tissues did not exhibit a reduction in sheath blight 
severity. This was in contrast to the marsh soil which showed disease severity to be 
reduced with an increase in silicon concentration. For Cypress an increase in silicon
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had no effect when grown in the marsh soil nor was it associated with disease severity 
in the Crowley silt loam soil.
In 1995 an experiment was conducted at six locations in Louisiana- Crowley, 
East Carroll, Rapides, Lake Arthur, Morehouse and Pine Island. The purpose of the 
study was to determine the effects of silicon on rice yield and sheath blight severity.
The cultivar “ Bengal” (Linscombe et al., 1993) was used in the experiments. Results 
show that silicon fertilization at the Lake Arthur site had a significant effect on three of 
the response variables analyzed: yield, silicon concentration in y-leaf and mature straw. 
Yields in experimental plots receiving slag were consistently higher than those in the 
unamended controls. The relationship between yield and slag rate was described as 
linear trend. Rice grain yield increased 10 to 13 percent compared to the control when 
applying calcium silicate at a rate of 2.2 Mg ha'1 or higher. Results of the study 
indicate that silicon fertilization on certain soil types can benefit nee grain yield. A 
significant effect of silicate amendment on the silicon concentration of the y-leaf tissues 
was found at the Lake Arthur and Morehouse sites. A linear trend best described the 
relationship between silicon in the y-leaf and calcium silicate application rate at both of 
these locations. Results of the fieid study indicate that there are variations in plant 
silicon depending on soil type and an increase in plant silicon is not always associated 
with a yield increase. A highly significant increase in mature straw silicon level was 
detected when the soil was amended with calcium silicate for the Lake Arthur and Pine 
Island location. There are no critical concentration levels established for silicon in 
mature straw for Louisiana growers but preliminary results of this study indicate 
adequate levels of silicon are 3.5% or greater. The Crowley soil exhibited the highest
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mean silicon concentration levels in mature straw and the Pine Island soil displayed the 
lowest. These findings can be attributed to the fact that the Crowley soil had a higher 
level of native soil silicon, 18 ppm, compared to the marsh soil which has 1 ppm. A 
positive correlation existed between the silicon concentration in mature straw and yield 
at the Lake Arthur site (r= .60, P< 0.05) and Pine Island (r= .61, P<0.05). Results 
imply that a critical silicon concentration of straw need to be established for optimum 
rice yield. Silicon fertilization did not significantly affect the following variables in the 
1995 experiment: sheath blight severity, sheath blight infection, maturity and plant 
height. However, sheath blight and sheath blight infection was not determined at Pine 
Island, Morehouse or East Carroll in 1995.
In 1996 and 1997, field experiments were conducted at three locations in 
Louisiana - Crowley, Lake Arthur and Pine Island (marsh soil). Rice cultivars for 
these experiments included “ Bengal”  and “Cypress" (Linscombe et al.. 1993) which is 
rated as susceptible to sheath blight (Groth et al.. 1993). The purpose of the study was 
to determine the effect of calcium silicate on rice yields and sheath blight severity. In 
1996. rice yields increased from silicate amendment on the Crowley silt loam soil at 
Lake Arthur and at the marsh soil, however, there were no significant yield increases 
at any of the locations in 1997. These results were unexpected for the Lake Arthur 
soil because it showed a yield response for two previous years. There were significant 
differences in yield for the two varieties, Bengal and Cypress, at all three Louisiana 
locations in the two year study. The amendment of soil with calcium silicate resulted 
in a significant increase in rice grain yield for the Bengal variety but not the Cypress 
variety in the marsh soil for the 1996 study. These findings indicate that varieties and
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soil types respond differently to silicon fertilization. A variety like Bengal can improve 
yield when grown in certain environments like the marsh soil.
In 1996 experiment, a linear trend was determined between yield and calcium 
silicate for the Lake Arthur and Pine Island soil. For the Lake Arthur soil in 1996. the 
rice grain yield increased from 6-9% over the control and 8-9% for the marsh soil 
when calcium silicate was applied at 3.3 Mg ha'1 and higher rates. Yield increases in 
the high organic marsh soil was similar to what was found in the Florida Everglades 
soil (Datnoff et al., 1992).
Sheath blight severity was reduced with silicon fertilization at three locations in 
1997 and only at the Lake Arthur site in 1996. Soils such as the Crowley silt loam at 
Lake Arthur responded to the silicate amendment by enhancing yield and decreasing 
disease severity. The sheath blight severity-slag rate relationship was described as a 
linear trend. There were significant differences in sheath blight severity for the two 
rice cultivars at each Louisiana location due to differences in how effective a genotype 
is in absorbing silicon from soil and also differences in disease rating. The highest level 
of disease reduction was detected when rice was grown in the reclaimed marsh soil 
with an application of calcium silicate, 13-20% compared to the unamended soil.
Brown spot severity was reduced as a result of calcium silicate for the marsh soil. The 
soil amendment decreased brown spot severity by 39-55%. Brown spot and slag 
relationship was described as a linear trend. Results show that rice can benefit from a 
silicon application by reducing fungal diseases. These findings are the first reported 
response to calcium silicate fertilization in rice in Louisiana.
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In 1996 a soil application of silicate increased silicon in the y-leaf and the total 
above ground plant tissues for the Lake Arthur and Pine Island sites. However, in 
1997, there was a significant increase in silicon in the y-leaf and above ground plant 
tissues for the Pine Island site only. Silicon concentration in plant tissues varied 
between locations, reflecting the soil test silicon values. The highest levels of silicon 
concentration in y-leaf and whole plant tissues were associated with the highest yield at 
the Lake Arthur location for both years which was similar to what was detected in Pine 
Island in 1996. However, for the marsh soil in 1997, the higher silicon concentration 
was found in the lowest grain yield. There was no correlation between yield and 
silicon concentration of y-leaf/whole plant tissues at any of the locations for both years. 
In 1996, calcium silicate did have an effect on the silicon concentration in the mature 
straw when rice was grown in the Crowley silt loam soil, Lake Arthur. The highest 
plant concentration levels were detected at the Crowley location and the lowest were 
found in the reclaimed marsh soil which is due to higher native silicon levels in the 
Crowley soil compared to the marsh soil. The higher levels of silicon in mature straw 
were associated with the highest yields, however, there was no correlation between the 
two variables. For the Bengal variety, slag did not effect the percentage of silicon in 
the mature straw, whereas Cypress did exhibit an effect. There was no correlation 
detected between % silicon in y-leaf/total plant tissues/straw and sheath blight severity 
in both years at any of the three locations. The amendment of soil with calcium silicate 
did not affect maturity of the rice or plant height in the two year study.
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Sheath blight severity was decreased in Cypress when grown in silicon 
amended Crowley silt loam soil in the two greenhouse experiments, but not in the 1995 
field experiments. In the 1995 field study, there was no decrease in disease severity 
detected in any of the six locations for the Bengal variety. Katy responded to the 
silicon application with less sheath blight severity for one year but not in the other. In 
the reclaimed marsh soil, disease severity was reduced on Katy for one year which was 
different from the 1995 field study but similar to the 1997 experiment. Calcium silicate 
did have an effect on the percent silicon in leaf and culm tissues for both cultivars when 
grown in the Crowley silt loam soil in the greenhouse study. These findings were 
different from the 1995, 1996-97 field studies which showed no response to silicon 
fertilization for the Crowley site. For the reclaimed marsh soil in the greenhouse study, 
Katy and Cypress exhibited an increase of silicon in plant tissues as a result of calcium 
silicate application in both years. This was similar to the findings in the 1995 field 
study, but different from the 1996-97 experiments. In the greenhouse experiments, 
when calcium silicate was applied to the Crowley silt loam soil, the plant silicon 
concentration decreased in both cultivars which was different from what was detected 
in the field studies. Results in the greenhouse and field study differ and can be possibly 
due to the following: a) in the greenhouse study the calcium silicate was incorporated 
into the soil prior to planting and in the field the silicate was applied as a soil surface 
treatment; b) the 1995 greenhouse study was conducted during the winter months 
(December 6,1995 through April 12, 1996) which had more cloud cover and less 
sunlight than the field studies; c) inoculation method of the rice plants in the
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greenhouse studies was different from the field method - in the greenhouse studies 
plants were inoculated by hand placing five to ten ml of inoculum per plant at 4 cm 
above the soil line in a leaf sheath. In the field studies, inoculum was applied broadcast 
to a flooded paddy at a rate of I to 2 ml of inoculum per 0.09 square meter of plot; d) 
soil pH and organic matter content were different for the greenhouse and field studies. 
In the greenhouse study, the soil pH for the Crowley soil was 7.0 and in the field 
studies it was 6.8, 6.5 and 7.0. For the Pine Island soil, the soil pH was 5.1 in the 
greenhouse study and 4.8, 5.2 and 5.1 for the field studies. The organic matter content 
for the Crowley soil in the greenhouse study was 1.4% and in the field studies it was 
0.93,0.98 and 1.4%. For the Pine Island soil, the organic matter content was 9.0% for 
the greenhouse study and 5.3, 3.2 and 9.0% for the field studies.
Based on the findings of this study, a critical silicon concentration of the mature 
straw was determined to be 3.5% or more for high yields of rice (Figure 3.3). This 
concentration level was selected based on the mature straw samples taken at each 
location for three years. The majority of the straw samples above the 3.5% level had a 
high (90%) relative yield. The Crowley site had the highest levels of silicon in mature 
straw which were also the highest relative yields. This was in contrast to the Pine 
Island site which has a variable straw concentration. For the Lake Arthur site, the 
percent silicon in straw ranged from 3.4 - 4.7 percent and the majority of the points 
were above the 90 percent relative yield. For the other locations, the majority of 
points had silicon concentration of 3.5% or higher which was associated with 90% 
and above relative yield. Straw concentration levels were greater at the Crowley and
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Lake Arthur sites which reflects the high native soil silicon content. The Pine Island 
marsh soil had the lowest straw concentrations. This was due to the fact that it had 
low inherent soil silicon content and the highest organic matter level. The critical level 
found in this study was similar to what Snyder et al. (1986) suggested as the level for 
good yields when growing rice on a Histosol. This level is different from what is 
considered critical in Japan and Korea, that is 6.1% for a positive yield response. In 
Taiwan, a 5.1% is considered the critical level for rice production (Savant et al., 1997). 
The soils in Japan, Korea and Taiwan were considered low in plant available silicon. It 
has been reported that a highly productive soil is generally associated with sufficient 
supply of soil silicon (Lian, 1976).
In 1995 for the Lake Arthur site, silicon concentration in the mature straw was 
associated with grain yield (r =0.60; P< 0.05). This association was consistent was 
those results shown in Figure 3.3. For the Pine Island site in 1995, silicon 
concentration in mature straw was also associated with yield (r = 0.61, P< 0.05).
These findings are different from what was found in Figure 3.3. The Pine Island 
location showed consistently low levels of silicon in mature straw regardless of high or 
low yield. This was in contrast to what was detected at the Lake Arthur site which 
showed that the highest yields were associated with 3.5% or greater silicon 
concentration in mature straw. For the Crowley site, yields were high (greater than 
90% of the maximum yield) and mature straw silicon concentration was well above the 
3.5% critical concentration level (Figure 3.3). There was no correlation between 
silicon concentration in mature straw and grain yield detected at the Crowley, East
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Carroll, Morehouse and Rapides sites. Although no correlation was detected at these 
locations, almost all points in Figure 3.3 have mature straw silicon concentration of 
3.5% and greater for high yields.
As stated before a critical silicon concentration of the mature rice straw was 
determined to be 3.5% or more for a high relative percent sheath blight rating which 
indicates less disease severity (Figure 3.4). The majority of the mature straw samples 
above the 3.5% level had a high (90%) relative percent sheath blight rating. The 
Crowley site had the highest levels of silicon in mature straw which were also the 
highest relative percent disease rating. This was in contrast to the Pine Island location 
that has a variable straw silicon concentration. For Lake Arthur site, the percent 
silicon in straw ranged from 3.4- 4.7% and the majority of points were above the 90% 
relative sheath blight rating.
The following observations were made from the 1995 Field study soil analysis 
(Table 3.2): a) soil pH for the Lake Arthur (L.A.) site was one of the lowest (5.4) 
values when compared to all other locations: b) soil organic matter content of the L.A. 
site was one of the lowest (1.4%) levels compared to the other locations; c) the L.A. 
soil had the lowest phosphorus level (77 ppm) compared to the other Louisiana sites; 
d) potassium levels for the L.A. soil was one of the lowest levels (110 ppm) when 
compared to all other sites; e) sodium levels for the L.A. soil was the lowest (37 ppm) 
among all other locations; f) the L.A. soil had the lowest calcium levels (1119 ppm) 
compared to the other sites; g) magnesium (163 ppm) and zinc (3 ppm) levels were the 
lowest for the L.A. site when compared to all other locations. Calcium silicate had a
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significant effect (P< 0.05) on rice grain yield for the Lake Arthur site. Therefore, the 
silicon in the calcium silicate could have interacted with essential elements to enhance 
plant nutrition.
The following observations were made from the 1996 and 1997 field study soil 
analysis (Table 3.3): a) soil pH for the Lake Arthur (4.7) and Pine Island (4.8) sites in 
1996 were low compared to the Crowley site (6.8); b) in 1996 L.A. soil had the lowest 
organic matter content (1.0%) compared to the other two sites and Pine Island had the 
highest content (5.3%); c) the L.A. soil in 1996 had the lowest level (569 ppm) of 
calcium when compared to the other two sites; d) in 1996, the Pine Island soil had the 
highest sulphur levels (32 ppm) when compared to the other two locations; e) zinc 
levels were the highest (29 ppm) for the Pine Island soil in 1996; f) the L.A. soil had 
the lowest level (102 ppm) of magnesium in 1996. Calcium silicate had a significant 
effect (P< 0.05) on rice grain yield at Lake Arthur and Pine Island location in 1996. 
Therefore, the silicon in the calcium silicate could have possibly interacted with the 
essential elements to enhance plant nutrition.
Research findings show that calcium silicate can be effective in reducing fungal 
diseases like sheath blight in a susceptible and moderately resistant cultivar when 
grown in a silt loam soil. Genotype and soil type play a major role in determining the 
effectiveness of the calcium silicate amendment. Cultivars like Cypress may not 
respond to silicon fertilization by reducing disease severity when grown in a marsh soil. 
Higher tissue silicon levels concentration may exhibit disease resistance in some 
genotypes like Katy when grown in a marsh soil. Previous research conducted in
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Florida show a response to silicon fertilization on high organic soils, however, based 
on the greenhouse and field studies soils such as the Crowley silt loam and marsh can 
provide benefits to rice. There maybe other soil types in rice production that can 
improve plant nutrition and disease resistance with an application of silicon. Research 
findings can be used as a bench mark for future studies in establishing soil silicon levels 
around the state. In addition, plant silicon concentration levels can used to determine 
if  a cultivar is disease resistant. Based on these findings silicon fertilization has 
potential benefits for the Louisiana rice farmer. Silicon needs to be considered in a 
nutrient management program. The economics of using Si for rice production needs to 
be assessed. Silicon management can play a major role in improving rice grain yield 
and reducing rice diseases. An extensive evaluation of the commercial cultivars need 
to be assessed in different soil types. Future studies need to look at how silicon reacts 
with other nutrients in the soil such as nitrogen, phosphorus and potassium. These 
studies need to provide a data base on rice soil silicon levels and determine if  Si levels 
are insufficient for maximum yield production and minimum disease severity. Silicon 
concentration levels in plant tissues need to be assessed statewide and determine how it 
relates to yield and disease severity. Once a relationship is determined plant breeders 
need to evaluate genotypes in their selection process. Genetics plays a key role in 
silicon uptake efficiency. Silicon fertilization rates need to be assessed for the 
Louisiana rice producing soils. Smaller particle size of silicon products need to be 
examined in future studies. The use of calcium silicate as a liming agent needs to be
81
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evaluated. In addition, determining i f  there is a relationship between silicon in plant 
tissues and insect resistance would be beneficial to the rice industry.
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APPENDIX
1995 GREENHOUSE STUDY CONDUCTED AT THE RICE RESEARCH 
STATION IN CROWLEY, LOUISIANA
ion1 Variety2 Replication T/C3 % Silicon4 SB5 Htb
K 1 T 3.5869 23 81
K 2 T 3.9339 24 81
K 3 T 3.5323 27 84
K 4 T 3.4793 32 73
K 5 T 4.3927 35 76
K 6 T 3.9975 33 73
C I T 3.7394 27 82
C 2 T 2.6581 25 75
C 3 T 4.2213 24 74
C 4 T 4.3556 27 84
C 5 T 3.5944 27 77
C 6 T 4.0072 29 73
C 1 P 3.6729 35 81
C 2 c 4.3405 35 80
C 3 c 3.6498 30 80
C 4 c 3.5384 38 72
C 5 c 4.0696 37 81
C 6 c 3.6257 32 82
K 1 c 3.5655 34 79
K 2 c 3.7373 25 86
K 3 c 4.1962 36 90
K 4 c 4.0868 29 82
K 5 c 3.9859 34 78
K 6 c 3.4733 36 73
2 C 1 T 3.3567 27 84
2 C 2 T 2.1672 29 82
2 C 3 T 3.5803 24 83
2 C 4 T 4.1794 40 82
2 C 5 T 3.1479 34 87
2 C 6 T 3.6981 39 85
2 K 1 T 2.508 30 84
2 K 2 T 2.6653 23 78
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(table continued)
2 K 3 T 3.3266 31 80
2 K 4 T 2.7268 23 80
2 K 5 T 2.6531 29 80
2 K 6 T 3.5568 24 76
2 C 1 C 2.2087 30 84
2 C 2 C 2.3882 36 82
2 C 3 C 2.6183 38 86
2 C 4 C 2.1824 30 74
0 C 5 C 2 38 76
2 C 6 C 1.9102 36 78
2 K 1 C 2.2367 30 82
2 K 2 C 2.7869 25 90
2 K 3 C 1.5482 31 85
2 K 4 C 2.1232 29 86
2 K 5 C 1.7678 37 75
2 K 6 C 2.3215 30 79
'Location #1 represents the Crowley site, #2 represent Pine Island site.
2K represents Katy and C represents Cypress cultivars.
^  represents treatment with calcium silicate and C represents the control.
*% Silicon in above ground plant tissues.
5SB represents sheath blight rating which is based on a 0-9 scale where 0 = none 
(immune) and 9 = maximum (very susceptible).
6Ht represents the plant height in cm.
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1997 Greenhouse Study conducted at the Rice Research Station in Crowley, Louisiana,
to determine the effect of calcium silicate on rice sheath blight severity and silicon
Location1 Variety2 Replication T/C3 % Silicon4 SB5 Ht6
1 K 1 T 3.3761 29 76
1 K 2 T 3.7715 28 71
1 K 3 T 3.8655 45 75
1 K 4 T 3.6652 44 80
1 K 5 T 3.3547 45 72
1 K 6 T 3.7715 42 81
I C 1 T 3.3125 35 76
1 C 2 T 3.3974 38 79
1 C 3 T 3.8577 36 80
1 C 4 T 3.125 43 87
1 C 5 T 3.6638 36 80
1 C 6 T 3.7712 45 83
1 C 1 C 3.8362 48 77
1 C 2 C 4.3103 45 74
1 C 3 c 4.4583 48 90
1 C 4 c 3.8135 48 80
1 C 5 c 4.0517 40 72
1 C 6 c 3.8559 50 71
1 K I c 4.0086 50 76
1 K 2 c 4.3162 46 86
1 K 3 c 3.8347 46 76
1 K 4 c 3.7931 49 82
1 K 5 c 4.0086 48 75
1 K 6 c 3.782 46 74
2 C 1 T 3.4746 46 91
2 C 2 T 3.0342 46 91
2 C 3 T 3.0672 44 91
2 C 4 T 3.7815 39 91
2 C 5 T 2.1154 44 91
2 C 6 T 3.3613 48 85
2 K 1 T 5.3017 35 76
2 K 2 T 4.1164 36 90
2 K 3 T 3.3686 40 91
2 K 4 T 3.2203 37 86
2 K 5 T 4.4827 34 89
2 K 6 T 4.2797 42 79
2 C 1 C 3.6207 40 77
2 C 2 C 3.2759 47 85
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(table continued)
2 C 3 C 2.3504 35 90
2 C 4 C 2.875 49 90
2 c 5 C 3.1991 48 89
2 c 6 C 3.0252 50 87
2 K 1 C 2.5 50 83
2 K 2 C 2.3949 45 88
2 K 3 C 2.605 48 88
2 K 4 C 3.2203 50 83
2 K 5 C 2.5641 44 82
2 K 6 c 2.7586 41 86
‘Location #1 represents the Crowley site, #2 represent Pine Island site.
:K represents Katy and C represents Cypress cultivars.
3T represents treatment with calcium silicate and C represents the control.
4% Silicon in above ground plant tissues.
sSB represents sheath blight rating which is based on a 0-9 scale where 0 = none 
(immune) and 9 = maximum (very susceptible).
6Ht represents the plant height in cm.
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The effect of calcium silicate on rice grain yield, sheath blight severity, plant
concentration, maturity and plant height at the Rice Research Station in Crowley,
Louisiana in 1995.
Rate1 YIELD2 S Il3 SI34 SB5 I6 H7 Plt.Ht8
0 6959.47 3.11 6.93 6 40 88 81
0 7567.32 3.28 6.75 6 84 89 82
0 7369.68 3.41 6.29 7 52 88 85
0 7378.49 3.28 6.18 7 86 88 84
1000 7108.07 3.23 6.91 7 76 88 80
1000 7533 3.12 7 7 78 88 84
1000 7542.15 3.17 6.93 7 86 88 92
1000 7815.12 3.36 6.55 7 46 85 85
2000 7317.95 3.16 6.93 62 88 83
2000 7259.06 3.47 7.12 7 76 88 84
2000 7760.67 3.39 7.12 52 88 90
2000 7397.29 3.31 7 7 90 86 85
3000 6959.53 3.42 7 7 84 88 86
3000 7073.54 3.41 6.96 7 72 87 83
3000 7238.47 3.16 7.23 66 88 88
3000 7445.7 3.51 6.54 7 60 85 85
4000 6842.86 2.97 6.82 7 74 88 84
4000 7231.03 3.37 6.39 7 70 88 90
4000 7295.09 3.09 7.12 44 89 83
4000 7490.63 3.43 6.64 7 76 87 83
5000 6926.33 3.28 7.12 86 87 83
5000 7094.37 3.43 7 7 48 87 84
5000 7570.42 3.14 6.99 7 48 87 89
5000 7356.38 3.54 6.76 6 32 87 88
'Rate of calcium silicate in Ibs/A.
2Yield of rice grain in lbs/A.
3SI1 represents % silicon in the y-leaf tissue.
4SI3 represents % silicon in the mature rice straw.
sSB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
6I represents sheath blight infection which is based on % tiller infection.
7H represents days to 50% heading.
8Plt. Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, plant concentration, maturity
and plant height East Carroll, Louisiana in 1995.
Rate' YIELD2 SI13 Si34 H5 Plt.Ht6
0 8434.27 2.8 6.64 88 85
0 7818.51 3.14 6.04 90 83
0 8107.35 3.16 5.71 89 92
0 7885.11 2.92 4.96 89 91
1000 8144.38 2.88 5.67 89 81
1000 8213.89 3.12 6.42 89 84
1000 8307.55 3.23 5.38 89 92
1000 8035.39 3.23 4.79 89 91
2000 7977.87 2.92 5.21 89 84
2000 8408.1 3.19 6.27 89 84
2000 7695.09 2.99 5.51 89 87
2000 7836.65 2.9 4.96 90 95
3000 7991.62 2.99 5.76 89 79
3000 7766.05 2.51 5.97 88 88
3000 7716.43 3.12 7.17 90 89
3000 7955.63 3.37 5.13 89 94
4000 8048.56 2.99 6.06 89 85
4000 8102.93 3.14 6.72 88 90
4000 8234.46 3.03 6.44 89 89
4000 7538.74 2.99 4.67 89 92
5000 8438.29 2.9 5.67 89 89
5000 7798.64 2.76 5.8 89 85
5000 7774.53 3.22 6.39 89 90
5000 8577.28 3.23 5.34 89 90
‘Rate of calcium silicate in lbs/A.
2Yield of rice grain in lbs/A.
3SI1 represents % silicon in the y-leaf tissue.
4SI3 represents % silicon in the mature rice straw. 
5H represents days to 50% heading.
6Plt. Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, sheath blight and blast severity,
plant concentration, maturity and plant height at Lake Arthur. Louisiana in 1995.
Rate1 YIELD2 SI13 SB4 SB5 I6 Blast7 H8 Plt.Ht9
0 6667.78 2.04 3.57 5 18 10 75 82
0 6014.37 1.15 3.14 8 82 5 73 79
0 6322.5 1.76 3.44 8 68 5 74 83
0 5819.94 1.59 3.53 7 52 15 74 84
1000 6256.12 2.04 3.54 7 64 5 74 84
1000 6622.64 2.37 3.83 5 34 5 73 82
1000 6753.56 1.94 3.52 7 70 10 75 84
1000 6122.08 1.96 3.31 6 36 20 75 86
2000 7480.24 1.92 4.14 5 20 5 74 82
2000 6586.53 2.16 3.54 8 80 10 73 79
2000 6690.58 1.84 3.45 7 30 5 75 83
2000 6498.85 1.94 3.82 6 46 10 76 89
3000 7078.59 1.82 4.59 6 28 5 75 83
3000 7121.47 2.31 3.76 7 34 10 74 83
3000 7071.46 2.1 3.61 4 38 5 75 85
3000 6771.63 2.1 4.32 7 52 10 74 86
4000 6706.42 2.16 4.08 5 IS 10 74 82
4000 6977.71 2.39 3.89 5 44 5 74 84
4000 7164.83 2.41 3.54 6 28 10 75 85
4000 6703.9 2.25 3.77 7 66 5 75 92
5000 6873.05 2.16 3.82 6 36 5 74 82
5000 6777.49 2.33 3.88 7 34 5 73 86
5000 6722.95 2.16 3.8 6 26 5 74 89
5000 7101.63 2.29 4.2 6 38 10 75 91
'Rate of calcium silicate in lbs/A.
2Yieid of rice grain in lbs/A.
3SIi represents % silicon in the y-leaf tissue.
4SI3 represents % silicon in the mature rice straw.
sSB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
6I represents sheath blight infection which is based on % tiller infection.
7Blast represents the percent of heads with neck blast 
8H represents days to 50% heading.
9P!t. Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, plant concentration, maturity
and plant height at Rapides, Louisiana in 1995.________________________
Rate1 YIELD2 SI13 SI34 H5 Plt.Ht6
0 2873.02 1.77 3.36 87 79
0 2263.45 1.74 3.46 87 77
0 3716.05 2.2 3.83 87 72
0 3590.55 1.69 3.61 86 83
1000 3094.17 1.71 3.33 87 78
1000 2482.13 2.24 3.71 87 79
1000 3002.66 1.98 2.92 87 78
1000 3991.76 2.24 3.82 86 81
2000 2852.63 1.85 3.33 87 80
2000 3622.74 1.9 3.95 87 74
2000 4372.05 1.84 3.47 87 80
2000 3065.22 2.39 3.36 87 75
3000 2388.09 1.72 3.54 88 72
3000 3044.41 2.08 3.66 86 77
3000 4026.54 2.29 3.63 86 77
3000 3694.78 2.37 3.9 87 77
4000 2918.34 1.72 4.33 89 74
4000 3042.65 1.92 3.58 88 75
4000 3192.29 2.2 4.12 87 84
4000 3738.02 2.26 3.56 87 82
5000 2995.82 1.87 3.91 88 76
5000 2923.53 1.95 3.6 87 77
5000 2597.99 1.99 3.54 87 83
5000 3062.49 2.31 3.58 86 75
‘Rate of calcium silicate in lbs/A.
:Yield of rice grain in lbs/A.
3SI1 represents % silicon in the y-leaf tissue.
4SI3 represents % silicon in the mature rice straw. 
SH represents days to 50% heading.
6P!t. Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, plant concentration, maturity
and plant height at Morehouse, Louisiana in 1995.______________________
Rate' YTELD2 S Il3 SI34 H5 Plt.Ht6
0 7746.68 2.2 4.21 86 82
0 7737.31 1.87 4.66 86 90
0 8035.56 2.14 4.58 86 86
0 7987.29 1.94 4.83 86 86
1000 7952.67 2.47 4.46 86 90
1000 7991.87 2.37 4.49 86 89
1000 7959.31 2.35 4.53 86 89
1000 8117.85 2.12 4.88 86 82
2000 8187.94 2.55 4.45 86 86
2000 7692.68 2.29 4.75 86 90
2000 8454.52 2.47 4.37 86 89
2000 7737.61 2.31 4.66 86 89
3000 7940.28 2.65 4.71 86 83
3000 7973.7 2.53 4 87 89
3000 8097.01 2.82 4.36 86 88
3000 7838.42 2.24 5.59 86 84
4000 7638.35 2.76 4.36 86 91
4000 7922.49 2.66 4.53 86 88
4000 8004.09 2.45 4.46 86 93
4000 7905.03 2.53 4.87 86 89
5000 7893.18 2.63 4.5 86 85
5000 7927.01 2.78 4.96 86 84
5000 8042.28 2.84 4.88 87 89
5000 8274.47 2.65 5.13 86 95
‘Rate of calcium silicate in lbs/A.
:Yield of rice grain in lbs/A.
3SI1 represents % silicon in the y-leaf tissue.
4SI3 represents % silicon in the mature rice straw. 
5H represents days to 50% heading.
6Plt. Ht represents plant height in cm.
100
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The effect of calcium silicate on rice grain yield, plant concentration, maturity
and plant height at Pine Island, Louisiana in 1995.______________________
Rate' YIELD2 SI13 SI34 H5 Plt.Ht6
0 5019.1 2.84 2.86 100 85
0 5013.14 2.47 2.99 100 81
0 3482.72 2.37 2.59 100 82
0 5735.85 2.55 2.76 100 80
1000 5890.97 2.76 3.07 100 81
1000 4582.05 2.86 2.92 100 81
1000 4334.2 3.13 2.22 100 78
1000 5070.38 2.72 2.33 100 83
2000 6118.64 2.78 3.21 100 85
2000 3959.94 3.09 3.07 100 83
2000 5193.45 2.59 2.84 100 77
2000 4299.97 2.76 2.37 100 84
3000 4919.12 2.57 4.09 100 78
3000 4457.29 3.68 3.21 100 83
3000 4183.51 2.96 3.16 100 82
3000 6871.59 2.49 3.64 100 81
4000 5961.98 2.57 3.57 100 83
4000 6787.27 2.35 3.9 100 83
4000 4472.47 3.11 2.64 100 84
4000 6622.48 2.9 3.69 100 80
5000 5794.61 2.76 3.29 100 82
5000 6299.41 2.55 3.78 100 82
5000 5746.61 2.8 3.01 100 83
5000 5253.44 2.67 3.47 100 84
'Rate of calcium silicate in lbs/A.
2Yield of rice grain in lbs/A.
JSI1 represents % silicon in the y-leaf tissue.
4SI3 represents % silicon in the mature rice straw. 
5H represents days to 50% heading.
6Plt. Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, sheath blight severity, plant
concentration, maturity and plant height at the Rice Research Station in
Crowley, Louisiana in 1996.______________________________________
Var1 Rate2 Yield3 S il4 Si25 Si36 SB7 I8 H9 Plt.Ht10
I 0 8161.24 2.47 2.741 4.82 6.3 81 90 87
1 0 8782.08 2.429 2.663 5.19 7.5 75 89 83
1 0 9216.31 2.139 3.041 4.84 7 73 89 87
1 0 8898.62 2.429 3.366 5.39 8 83 89 84
1 1000 9685.96 2.554 3.422 5.15 7 79 90 87
1 1000 9259.99 2.282 3.041 5.38 7.75 72 89 85
1 1000 9234.47 2.001 2.785 5.46 7.75 72 89 86
1 1000 9203.44 2.162 2.899 4.65 7.5 79 89 86
1 2000 8638.45 2.512 2.803 5.09 6.5 79 90 88
1 2000 8841.26 2.326 3.413 5.52 7 84 89 86
1 2000 8944.45 2.555 3.197 5.27 7.5 78 89 86
I 2000 8722.18 2.767 2.619 5.13 6.5 70 90 84
1 3000 9410.01 2.345 3.197 6 6.75 84 90 86
1 3000 9209.97 2.722 3.509 4.66 7.25 79 89 87
I 3000 9282.69 2.409 2.932 5.29 6.5 67 91 88
1 3000 7778.49 2.387 3.047 4.55 7.25 73 90 83
1 4000 7882.88 2.368 2.965 4.75 6.75 72 90 85
1 4000 8343.91 2.409 3.168 5.07 7 86 90 84
1 4000 9058.25 2.284 2.618 4.92 6 72 92 85
1 4000 8564.99 1.744 3.041 4.84 7.75 80 89 88
1 5000 7879.1 2.675 2.924 4.19 6 74 90 85
1 5000 8693.08 2.322 3.226 4.35 6.75 84 89 85
I 5000 8289.56 1.906 2.365 5.41 6.75 71 90 83
1 5000 8532.91 2.512 2.112 5.99 6 71 91 86
‘Var represents Variety #1= Bengal.
:Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4Si 1 represents % silicon in the y-leaf tissue.
5Si2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
9H represents days to 50% heading.
10Plt.Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, sheath blight severity, plant
concentration, maturity and plant height at the Rice Research Station in
Crowley, Louisiana in 1996.______________________________________
Var1 Rate: Yield3 S il4 Si25 Si3“ SB7 Is H9 Plt.Ht10
2 0 8617.74 2.936 2.45 5.88 7.75 80 94 89
2 0 7958.71 2.429 3.26 5.66 8.5 87 90 90
2 0 7152.92 2.94 2.593 6.06 8.5 79 89 85
2 0 8031.66 2.619 3.089 5.9 8.25 82 90 85
2 1000 7946.73 2.96 2.493 5.76 8 80 91 87
2 1000 8841.51 2.759 1.843 5.41 7 75 97 92
2 1000 7679.72 3.036 3.088 2.51 8 78 91 84
2 1000 7207.27 2.756 2.514 5.88 8.25 82 91 84
2 2000 8114.61 2.597 2.322 5.35 8 85 91 86
2 2000 7218.1 3.183 2.759 5.29 8.5 82 91 88
2 2000 7903.28 2.738 3.696 4.53 8.5 86 91 88
2 2000 7285.89 2.656 2.637 5.59 8.25 83 91 82
2 3000 8078.67 2.388 2.701 2.23 8.5 78 94 87
2 3000 7601.07 2.535 2.89 5.65 8.5 82 93 83
2 3000 7398.94 3.147 2.764 7.45 8.5 77 91 89
2 3000 8584.05 2.756 3.041 6.15 7.5 72 94 88
2 4000 8156.24 2.616 3.047 5.81 7.7 72 92 86
2 4000 7176.39 2.985 2.77 6.9 8.5 84 91 83
2 4000 7985.54 1.889 2.932 6.19 8.25 75 91 84
2 4000 7840.24 2.656 2.907 6.1 8.5 75 91 83
2 5000 7723.98 2.021 2.577 5.54 7.6 76 91 85
2 5000 9098.44 2.882 2.919 5.95 6.5 61 96 91
2 5000 7946.92 2.761 3.379 6.22 8 75 90 87
2 5000 7612.21 3.068 3.006 5.88 8.5 80 90 84
‘Var represents Variety #2= Cypress.
:Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4Sil represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
9H represents days to 50% heading.
10Plt.Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, sheath blight severity, plant
concentration, maturity and plant height at Lake Arthur. Louisiana in 1996.
Var1 Rate2 Yield3 S il4 Si25 Si36 SB7 I8 H9 Plt.Ht10
1 0 7872.25 2.016 2.602 3.97 7.3 85 87 90
1 0 7726.91 1.832 2.255 3.62 8 79 86 81
1 0 8331.74 1.791 2.45 2.68 7.75 76 87 83
1 0 8717.64 2.006 2.915 3.68 7.75 75 87 89
1 1000 8841.51 2.121 2.659 3.22 7.25 76 87 85
1 1000 8555.05 1.981 2.471 3.62 7 83 86 83
1 1000 7676.81 2.079 2.384 3.65 7.5 74 87 85
1 1000 8601.83 2.772 2.515 3.57 7.25 76 87 87
1 2000 8501.31 2.409 2.803 4.67 7 83 86 88
1 2000 7788.8 2.067 2.429 4.94 6.75 81 86 87
1 2000 7715.12 1.899 3.527 2.81 6.5 80 86 89
1 2000 8675.5 2.079 2.785 4.78 7.5 71 86 89
1 3000 8865.31 2.263 2.471 4.71 7.25 86 87 87
1 3000 8736.65 2.347 3.02 4.41 6.75 84 87 88
I 3000 8257.13 2.123 2.847 3.52 6.5 75 87 86
I 3000 9319.52 2.492 3.024 4.45 6.5 72 87 87
1 4000 8329.11 1.999 3.231 2.45 6.5 80 87 87
1 4000 8866.21 2.094 2.738 4.09 6.5 76 86 84
1 4000 8116.51 2.246 2.492 2.94 6.25 78 87 90
1 4000 8431.26 2.123 2.932 4.13 7.5 80 86 91
1 5000 9002.57 1.943 2.341 3.91 6.4 79 87 90
1 5000 8883.99 2.408 2.797 4.45 7.1 73 87 88
1 5000 8698.53 2.328 2.573 4.84 6.5 71 87 83
1 5000 8240.35 2.366 3.369 2.82 6 74 87 88
‘Var represents Variety #1= Bengal.
:Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
‘‘Si 1 represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
9H represents days to 50% heading. 
l0Plt.Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, sheath blight severity, plant
concentration, maturity and plant height at Lake Arthur, Louisiana in 1996.
Var1 Rate2 Yield3 Si l 4 Si25 Si36 SB7 I8 H9 Plt.Ht10
2 0 6630.58 2.266 2.197 4.39 8.5 85 84 82
2 0 7192.53 2.347 2.257 3.2 8 85 84 84
2 0 6568.44 2.106 2.561 2.02 8.75 85 83 85
2 0 6851.63 2.492 2.324 4.55 8.25 85 84 86
2 1000 7691.09 2.645 2.962 4.96 8.25 88 84 85
2 1000 7066.69 2.045 2.62 3.88 7.75 80 84 86
2 1000 6494.99 1.997 2.715 4.15 8.5 76 84 86
2 1000 6978.7 2.241 2.833 4.36 8.5 81 83 86
2 2000 6539.09 2.635 2.695 4.94 8.25 85 84 82
2 2000 6694.9 2.493 2.663 4.3 8.5 89 85 85
2 2000 7197.96 2.715 3.302 5.07 8.5 86 83 86
2 2000 7010.54 2.708 3.114 5.02 8.5 88 84 89
2 3000 7545.42 2.367 3.675 5.98 8.25 84 84 82
2 3000 6915.32 2.699 3.189 4.49 8.75 84 85 86
2 3000 6454.47 2.62 2.944 4.12 8 86 84 87
2 3000 7639.65 2.595 2.936 5.17 8 81 83 91
2 4000 7325.29 2.797 3.981 5.32 8.5 86 83 82
2 4000 6772.85 2.718 2.872 4.82 7.75 81 83 89
2 4000 7621.39 2.897 2.472 5.32 8.5 84 85 84
2 4000 7326.33 3.063 3.041 5.02 8.25 81 83 89
2 5000 7955.3 2.656 2.961 5.35 7.75 84 83 85
2 5000 7380.13 2.818 2.974 5.4 8 83 85 89
2 5000 7828.64 3.126 2.806 5.58 8 81 85 84
2 5000 7558.89 2.656 3.459 5.58 8.5 87 83 88
‘Var represents Variety #2= Cypress.
2Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4Si 1 represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
’H represents days to 50% heading.
10Plt.Ht represents plant height in cm.
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The effect of calcium silicate on rice grain yield, sheath blight and brown spot severity,
plant concentration, maturity and plant height at Pine Island, Louisiana in 1996.
Var1 Rate2 Yield3 Si l 4 Si25 Si36 SB7 I8 H9 Plt.Ht10 BS“
1 0 5665.37 0.878 1.363 2.84 6.75 83 86 92 5
I 0 6338.8 0.988 1.765 3.12 7 72 87 93 5.2
1 0 5819.1 0.984 2.067 3.97 8 80 89 93 4.1
I 0 6102.42 1.152 1.121 3.79 7 77 86 92 5.2
1 1000 6312.24 0.993 1.917 2.1 7 75 85 95 5
1 1000 6312.17 1.704 1.571 3.06 7.5 78 84 92 5
1 1000 6164.93 0.852 1.524 3.35 6.75 84 85 93 4
1 1000 6183.48 1.368 1.859 3.52 6.5 72 87 90 5.5
1 2000 6823.88 1.524 2.806 2.45 6.75 83 85 93 3
I 2000 6527.47 1.331 2.323 3.82 7.1 75 86 92 4.3
1 2000 6169.74 1.633 2.266 3.28 6.5 64 87 89 3.5
1 2000 6077.4 1.119 2.152 4.28 6.5 68 88 93 3.5
1 3000 6819.07 1.668 2.637 2.22 6 80 85 94 3
1 3000 6272.34 1.542 2.154 3.79 7.25 75 86 92 3.7
1 3000 6613.2 1.717 3.147 3.05 7.25 73 85 94 3.2
1 3000 6468.57 1.436 1.572 3.92 6.5 74 86 93 2.8
I 4000 6656.22 1.715 3.165 2.55 6.5 83 85 93 1
1 4000 6372 1.163 2.154 3.46 6.5 77 85 93 5.2
I 4000 6624.03 1.534 2.491 4.11 7 72 87 93 3.5
1 4000 6367.77 1.774 2.471 3.63 7 74 85 90 3.6
1 5000 6575.15 1.466 2.748 3.38 6 89 85 96 1
1 5000 6869.49 1.363 2.658 2.06 6.5 74 85 94 3.7
1 5000 6553.78 1.368 2.62 3.97 6.75 71 85 95 3.3
1 5000 6610.77 1.922 2.306 4.1 7.25 74 86 91 4.5
‘Var represents Variety #1= Bengal.
2Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4Si 1 represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
represents days to 50% heading.
10Plt.Ht represents plant height in cm.
nBrown spot rating based on a 0-9 scale where 0 = none (immune) and 9 = maximum 
(very susceptible).
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The effect of calcium silicate on rice grain yield, sheath blight and brown spot severity.
plant concentration, maturity and plant height at Pine Island, Louisiana in 1996.
Var1 Rate2 Yield3 S il4 Si25 Si36 SB7 I8 H9 Plt.Ht10 BS“
2 0 5120.32 1.321 1.647 2.55 8.4 92 87 94 5.5
2 0 5581.67 1.108 2.157 3.13 8.6 93 86 94 6
2 0 5522.24 0.942 2.024 3.95 8.75 89 89 97 4.3
2 0 5426.45 0.817 1.491 2.01 8.75 91 89 98 5.6
2 1000 5364.04 1.462 2.45 3.32 8.1 92 86 90 5.2
2 1000 5111.39 1.584 1.412 2.35 8.5 91 87 94 4
2 1000 5687.55 1.131 1.647 3.07 8.5 88 88 98 4.8
2 1000 5870.9 1.462 2.056 3.41 8.5 90 90 101 4
2 2000 5688.23 1.183 2.088 3.33 8.4 95 86 92 6
2 2000 5442.38 1.816 2.45 3.11 8.5 83 86 94 5.3
2 2000 6326.53 1.647 2.513 4.22 7.75 85 88 95 4
2 2000 5865.53 1.1811 2.073 3.71 8.5 88 89 99 4
2 3000 5764.42 1.917 2.513 3.22 8.25 93 86 93 4.2
2 3000 5210.78 1.947 2.366 3.44 8.5 90 87 94 5.5
2 3000 6082.68 1.832 2.961 3.83 7.75 81 89 98 4.8
2 3000 6033.01 2.028 2.936 3.86 8.75 88 89 100 3.8
2 4000 5656.29 1.704 2.862 4.13 8.25 91 86 95 4.25
2 4000 5492.12 1.822 2.746 3.66 8.3 90 86 95 4.75
2 4000 6472.15 1.267 2.553 3.68 8.5 86 89 97 3.3
2 4000 6139.64 1.985 2.618 4.56 7.5 80 90 98 5.2
2 5000 5186.37 1.774 3.132 3.52 8 92 86 94 4.5
2 5000 5526.95 2.067 2.534 3.88 8.5 90 87 98 3.7
2 5000 6030.77 2.049 2.748 4.45 8.1 85 89 95 5
2 5000 6005.32 1.662 2.118 4.11 7.5 80 89 99 5.1
‘Var represents Variety #2= Cypress.
:Rate of calcium silicate in lbs/A.
3Yield o f rice grain in Ibs/A.
4Sil represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
“Ti represents days to 50% heading. 
l0Plt.Ht represents plant height in cm.
“ Brown spot rating based on a 0-9 scale where 0 = none (immune) and 9 = maximum 
(very susceptible).
107
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The effect of calcium silicate on rice grain yield, sheath blight severity and plant 
concentration at the Rice Research Station in Crowley, Louisiana in 1997.
Var1 Rate2 Yield3 Si l 4 Si25 Si36 SB7 I8
1 0 8024.91 1.8487 3.0882 5.1709 7 81
1 0 8297.94 5.6779 2.7609 5 7 82
1 0 8042.44 2.8846 3.2327 5.3632 6.75 88
1 0 7944.04 2.2708 3.0672 4.5551 7.5 86
1 1000 8602.57 3.8461 3.211 4.3432 7 82
1 1000 8287.68 2.7778 3.0983 5.3632 6.75 84
1 1000 8241.17 3.4913 2.7311 4.4231 7 76
I 1000 7374.11 4.1164 2.8632 4.9364 7 84
1 2000 7825.65 3.0819 2.4359 5.2137 6.75 76
1 2000 7275.83 4.0385 2.7119 4.8276 6.75 82
1 2000 7568.32 2.7371 2.7802 5.3419 6 86
1 2000 7829.58 3.1092 2.8813 4.7899 6.5 80
1 3000 8152.74 2.2391 2.5212 5.5342 6.5 84
1 3000 7520.3 2.5 3.6853 4.2585 6 88
1 3000 7269.45 2.8602 3.2983 3.9655 6.5 84
1 3000 8232.75 3.7395 2.9059 4.8941 6.25 84
1 4000 7699.77 2.1581 3.2839 5.189 6.7 90
1 4000 8120.99 3.5042 3.2353 4.4396 6.25 86
1 4000 7492.4 3.5593 3.9407 5.6838 6.25 86
I 4000 8615.4 1.5812 3.2839 4.3043 6.25 78
1 5000 7667.26 2.3542 2.6724 4.5588 6.3 78
1 5000 7580.9 1.25 3.0508 5.1496 6 80
1 5000 8134.06 3.9407 3.0932 3.7395 6.5 82
1 5000 7672.04 1.822 2.5427 4.75 6.25 88
‘Var represents Variety #1= Bengal.
2Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4Sil represents % silicon in the y-leaf tissue.
5Si2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 sc 
ale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
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The effect of calcium silicate on rice grain yield, sheath blight severity and plant 
concentration at the Rice Research Station in Crowley, Louisiana in 1997._____
Var1 Rate2 Yield3 Si l 4 Si25 Si3b SB7 I8
2 0 6874.63 3.4244 3.1933 5.5128 7.5 84
2 0 7557.51 2.8448 2.6724 4.8517 7.5 92
2 0 6990.11 4.1164 3.3474 4.1025 7.75 80
2 0 7285.96 3.5776 3.1465 5.5462 8 82
2 1000 6987.73 3.6864 3.1302 4.6008 7.7 84
2 1000 6878.5 4.3432 3.6325 4.9788 7.5 84
2 1000 7508.61 3.072 2.8781 4.3856 7.75 82
2 1000 7392.41 3.8445 3.4664 6.3889 7.75 84
2 2000 6741.15 3.1196 3.0172 5.0212 6.3 86
2 2000 7783.69 3.3263 3.6538 5.1522 7.5 88
2 2000 7229.26 2.5424 2.9449 6.7647 7.5 84
2 2000 7494.72 3.5924 3.2543 5.9534 7 80
2 3000 6868.38 3.556 3.0508 6.4009 6.3 90
2 3000 7352.43 3.9009 2.9661 6.0345 7.25 88
2 3000 7536.58 4.3856 2.7371 6.1111 6.75 78
2 3000 6820.92 4.7034 3.2983 3.8362 8 88
2 4000 6364.93 2.1186 2.9957 5.2586 6.75 82
2 4000 7155.75 3.8542 3.5897 5.1042 6.5 86
2 4000 7503.95 5.4412 2.5854 5.8263 7.25 78
2 4000 6960.14 2.9449 2.8205 5.2371 6.75 84
2 5000 6717.44 3.6441 2.8632 5.4237 7.3 88
2 5000 7387.59 5.1068 3.0819 5.7773 6.2 82
2 5000 7860.22 3.6017 3.1838 5.7203 6.5 74
2 5000 6782.67 3.141 2.9661 6.483 6.5 80
‘Var represents Variety #2= Cypress.
2Rate of calcium silicate in ibs/A.
3Yield of rice grain in lbs/A.
4Sil represents % silicon in the y-leaf tissue.
5Si2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
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The effect of calcium silicate on rice grain yield, sheath blight severity and plant
concentration at Lake Arthur, Louisiana in 1997.__________ ______________
Var1 Rate2 Yield3 Si l 4 Si25 Si36 SB7 I8
1 0 7059.49 1.7888 2.6271 3.4034 6.75 67
1 0 6512.44 2.1186 1.5042 3.5684 6.75 72
1 0 6346.02 1.2931 1.6164 3.0672 7 70
1 0 4928.42 1.5385 1.9396 2.8813 7 80
1 1000 6922.93 1.9328 2.0869 3.7288 7.25 80
1 1000 7046.16 1.6667 1.7241 4.594 6 56
1 1000 6681.84 1.1864 2.2458 4.8739 6.75 70
1 1000 5652.79 1.6386 2.2629 3.5924 7.5 86
1 2000 6888.86 2.0168 2.2436 3.75 7.5 75
1 2000 6415.09 1.7241 2.4784 4.2373 5.75 84
1 2000 7083.63 1.2931 1.4316 3.4052 6.25 72
1 2000 5961.55 1.5086 2.6695 3.5593 6.5 84
I 3000 7359.14 2.2845 2.75 3.8333 7 75
1 3000 6537.15 2.1121 1.7026 3.6966 5.5 60
1 3000 6940.18 1.6949 2.3941 3.0769 5.75 52
1 3000 6239.78 2.1552 3.8146 3.4958 6 68
I 4000 6951.56 1.8432 2.094 4.5974 6.5 65
I 4000 6526.23 1.5 2.735 3.5 6 66
1 4000 6484.78 1.7094 2.2083 3.4483 6 58
1 4000 5492.01 1.6164 1.3248 3.7288 6.5 76
1 5000 6748.36 1.9068 2.4359 3.3974 6.75 73
I 5000 7345.23 1.4743 2.2669 3.5776 5.5 68
I 5000 6600.37 1.7373 2.3478 2.4784 5.5 68
1 5000 6266.2 1.8432 2.9202 4.661 6.25 72
‘Var represents Variety #1= Bengal.
:Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4Sil represents % silicon in the y-leaf tissue.
5Si2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
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The effect of calcium silicate on rice grain yield, sheath blight severity and plant
concentration at Lake Arthur, Louisiana in 1997
Var1 Rate2 Yield3 S il4 Si25 Si36 SB7 I8
2 0 6556.74 2.1008 2.7754 3.8793 7.5 90
2 0 5892.26 1.9231 1.688 3.1723 7.5 90
2 0 6019.82 1.9068 1.0805 3.8235 7.75 85
2 0 5637.64 1.4583 2.2689 4.7269 7.5 84
2 1000 6340.2 3.5043 2.8178 3.5043 7.5 93
2 1000 6360.25 2.3504 2.5214 3.8983 7.25 90
2 1000 6053.75 1.9328 1.3445 3.2112 8 82
2 1000 6169.06 2.3491 1.4076 3.5593 7.5 80
2 2000 6417.47 2.8448 1.9703 3.5776 7.75 91
2 2000 5830.78 1.5466 3.2143 4.9353 7.5 84
2 2000 5705.32 1.7457 2.2863 3.9008 8.25 84
2 2000 5786.6 3.1196 2.4145 3.4322 7.75 86
2 3000 6503.61 2.6667 3.1196 4.4231 6.5 87
2 3000 6081.03 2.1336 2.6068 4.3376 6.75 86
2 3000 6600.22 2.7586 3.0672 3.7284 6.5 90
2 3000 5378.49 2.1154 2.2689 3.7393 7 78
2 4000 6176.15 2.3707 3.0603 4.5127 7 91
2 4000 6114.97 2.7778 2.3718 4.1806 6 81
2 4000 6080.48 3.2292 2.6923 4.1239 6 88
2 4000 5963.68 2.521 3.1838 4.1453 7 80
2 5000 5941.3 2.7778 2.4138 3.7185 6.75 84
5000 6102 2.7083 3.3193 6.9538 6.75 82
2 5000 6119.21 2.1186 3.3761 4.8958 7.25 80
2 5000 5296.89 3.2051 2.2034 4.0086 6.5 78
‘Var represents Variety #2= Cypress.
2Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4S il represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
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The effect of calcium silicate on rice grain yield, sheath blight and brown spot severity.
and plant concentration at Pine Island, Louisiana in 1997.
Var1 Rate2 Yield3 Si I4 Si2s Si36 SB7 I8 BS9
1 0 4885.09 1.5733 2.8602 1.8803 6 84 3.8
1 0 4578.75 1.8589 2.9095 2.0974 6.6 86 3.5
1 0 3562.04 1.8542 3.0603 2.2479 6.5 86 4.75
1 0 4304.54 2.1008 1.8277 3.3189 7.6 72 2.7
1 1000 4552.42 2.1218 3.1896 2.9487 6.5 84 4
1 1000 3956.32 2.0798 2.7311 2.6282 6.5 81 3.7
1 1000 4360.69 1.8376 2.584 2.8178 7 80 3
1 1000 0 2.2436 2.0905 - 7.7 94 2.5
1 2000 3817.59 2.6077 2.9957 2.9412 5 64 2.5
1 2000 3671.2 2.1367 1.5466 2.7137 6 82 2
1 2000 3736.13 2.2034 2.8813 2.9914 6.3 82 2.1
1 2000 4465.14 2.1552 3.125 3.2327 6.2 72 1.75
1 3000 4700.46 2.0905 2.584 2.6059 5.3 68 2.2
1 3000 4627.66 2.2629 3.0252 2.2479 6 68 1.5
1 3000 4729.76 2.3504 2.8419 2.5652 5.3 61 2.2
1 3000 3940.65 2.5 3.1838 3.4583 6.7 78 2.3
1 4000 0 - - - - - -
1 4000 3398.11 2.0905 2.7731 3.0652 6 71 1.3
1 4000 0 2.3261 3.0342 - 7 95 1.7
1 4000 4502.59 1.7094 2.8151 3.1302 6 68 2.2
1 5000 O’ - - - - - -
1 5000 0 - - - - - -
1 5000 3842.52 2.5 3.1034 2.7371 6 84 1.2
1 5000 5085.02 1.8856 3.6017 3.4698 5 63 2
‘Var represents Variety #1= Bengal.
2Rate of calcium silicate in lbs/A.
3Yield of rice grain in lbs/A.
4Si I represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
9Brown spot rating based on a 0-9 scale where 0 = none (immune) and 9 = maximum 
(very susceptible).
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The effect of calcium silicate on rice grain yield, sheath blight and brown spot seventy.
and plant concentration at Pine Island, Louisiana in 1997.
Var1 Rate2 Yield3 S il4 Si25 Si36 SB7 I8 BS’
2 0 3894.69 1.9658 2.8991 2.3718 8.3 86 3.7
2 0 3631.46 1.8487 2.1795 2.5847 7.3 86 4.3
2 0 2953.26 2.1336 2.4159 2.8232 8.6 85 3.3
2 0 4338.13 2.0168 2.2649 3.4188 8 87 4.5
1000 3853.34 2.2669 1.8697 2.9059 7.3 84 4.5
2 1000 4075.85 1.4102 2.1795 3.4267 8.6 88 3.3
2 1000 - 2.0299 2.3077 - 8.6 95 1.8
2 1000 3435.58 2.2479 3.0508 3.2839 6 84 3.3
2 2000 3812.02 2.2034 3.3836 2.4569 8 72 2.7
2 2000 3171.64 3.0603 3.1356 7.7 88 3.7
2 2000 3983.01 2.4152 2.5 3.1196 8 78 1.8
2 2000 - 2.6077 3.0819 - 7.6 92 2.7
2 3000 3117.8 1.625 1.7672 2.6875 6 64 2.5
2 3000 - 1.8803 2.3319 - 7 94 2.2
2 3000 4065.32 3.1568 2.9701 3.7931 7.5 70 2.5
2 3000 4827 2.3707 2.9273 3.2203 7 84 3.2
2 4000 4648.84 2.8043 3.1624 3.4402 6.5 68 1.5
2 4000 2805.36 2.055 2.5847 3.1034 7.3 80 1.8
2 4000 4408.5 2.4152 2.9741 3.4244 6.5 76 2.3
2 4000 3507.74 2.1186 3.0555 3.0042 5.3 72 1.3
5000 4501.73 2.7778 3.1624 2.6304 6.6 72 2.2
2 5000 3416.73 2.9273 3.0932 3.9286 5 78 1.7
2 5000 2955.89 2.3932 3.1034 3.4322 5.75 82 2.2
2 5000 3792.09 3.0128 3.0603 3.8347 7 78 1.7
1 Var represents Variety #2= Cypress.
:Rate of calcium silicate in Ibs/A.
3Yield of rice grain in lbs/A.
4Si 1 represents % silicon in the y-leaf tissue. 
sSi2 represents % silicon in the whole plant tissues.
6Si3 represents % silicon in mature straw.
7SB represents sheath blight rating based on 0-9 scale where 0 = (immune) and 
9 = maximum (very susceptible).
8I represents sheath blight infection which is based on % tiller infection.
’Brown spot rating based on a 0-9 scale where 0 = none (immune) and 9 = maximum 
(very susceptible).
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1995 East Carroll 0.17
1995 Lake Arthur 0.60**
1995 Rapides 0.18
1995 Morehouse -0.004
1995 Pine Island 0.61**
1996 Crowley -0.15
1996 Lake Arthur -0.16
1996 Pine Island 0.01
1997 Crowley -0.26
1997 Lake Arthur -0.05
1997 Pine Island -0.13
** represents significant treatment effects at the 0.001 levels of probabilty.
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